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PREFACE 

The kindly reception given to the Guide to the Study of t1i£ 
G€ologic(tl Collections of the New York State Museum^ published 
in 1898, and the evidences of its utility as a teachers' aid in 
the schools of the state, have made it seem desirable to continue 
this method of treatment in n^^^ard to the other branches illus- 
trated in the New York State Museum. 

Mr Whitlock, assistant in mineralogy, has accordingly, pre- 
pared for publication the following bulletin and it is offered 
to the citizens of the State of New York in the hope that it 
will meet a material want and aid manv teachers in their in- 
structional work in mineralogy by supplementing the textbooks 

now available. 

Frederick J. H. Merrill 

Albany A'. Y, July 1), 1902 Director 
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PAKT I 
GENERAL PROPERTIES OF MINERALS 

INTRODUCTORY DBFINITIONS 

The science of mineralogy embraces a knowledge of all natural 
inorganic substances of definite chemical composition which go 
to make up the crust of the earth, and, so far as our knowledge 
extends, of other solid bodies in the universe. 

Minerals, in the sense adopted in the following pages and 
generally in science, constitute only a part of the mineral king- 
dom. A mineral must be a homogeneous substance, that is, it 
must be of the same nature throughout. Many rocks which 
seem to the unaided eye to be composed of a single substance 
are shown by more careful examination under the microscope 
to be made up of more than one substance. A mineral must 
also have a definite chemical composition as expressed by a 
chemical formula. Thus, obsidian, or volcanic glass, though 
frequently quite homogeneous, is not classed as a mineral owing 
to its lack of definite composition. 

Again, it is customary to exclude from the list of mineral 
species all substances which have not been formed by the pro- 
cesses of nature and such mineral substances as have been 
directly produced by organic life. Under this bead are excluded 
laboratory and furnace products such as the carbonate of 
lime produced by passing carbon dioxid through limewater, 
which is not a mineral species though it has the same com- 
position as the mineral calcite or natural carbonate of lime. 
Phosphate rock is not classed as a mineral owing to its organic 
origin though it has essentially the same composition as the 
mineral apatite which is the natural phosphate of lime. 

The rocks which compose the earth's crust are either single 
minerals, such as marble, a massive form of calcite, or aggre- 
gates of two or more minerals. An example of the latter case 
is granite, composed of three or more separate and distinct 
minerals which may readily be recognized as different: a glassy 
mineral showing rough surfaces along the fracture, which is 
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called quartz; a white, pink or salmon colored mineral which 
shows on the fracture a series of smooth snrfaces and which is 
called a feldspar; and a black fibrous mineral which is known 
as hornblende. 

Crystallization 

When a substance in the condition of a liquid or a gas becomes 
solid it is often seeu thatthis solid has a regular outline, smooth, 
bright sides or faces and sharp angles. This results from the 
fact that the particles or molecules of the substance, which 
while it was liquid or gaseous rolled about on one another, 
have beeu in some wa^ arranged, grouped aud built up. To illus- 
trate this, suppose a quantity of small shot to be poured into 
a glass, the shot will represent the molecules of a substance in 




the liquid state, as for example a solution of alum. If, now, we 
suppose these same shot to be coated with varnish or glue so that 
they will adhere to each other and imagine them grouped as 
shown in fig, 1 they will represent the arrangement of the mole- 
cules of the alum after it has become solid or crystallized. This 
arranging, grouping and piling up of the molecules is called 
crystallization and the solid formed in this way is called a crys- 
tal. Fig. 2 and 3 show the shot arranged to reproduce two com- 
mon forms of crystals. 

There are many common examples of crystallization. The 
enowflakes, which are formed by the cooling of watery vapor in 
the air, are composed of small crystals which are quite apparent 
to the eye and are often of great beauty and regularity of form. 
The same may be said of the frost which forms on a window 
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pane. The formation of crystals may be reproduced in a very 
striking manner; take for example a strong solution of salt 
and set it aside in a shallow dish over night; after the water 
has evaporated the bottom of the dish will be found covered with 
small cubic crystals of salt. The forces of nature working much 
more slowly but in a similar way have produced the vast deposits 
of native salt or halite which sometimes yield very large crystals. 

Crystal masses 

When a number of crystals are formed in a limited space the 
individual crystals intersect and lap over one another producing, 
what is known as crystal masses. If this intersecting is carried 
to such an extent as to entirely fill the bounded space, leaving 
no interstices between the crystals, the mineral is said to be 
masfiive. The term massive in its broader sense includes mineral 
masses which do not show definite crystal faces but which in 
most cases can be shown to be distinctly crystalline by means 
of cleavage and optical properties. Experiment and study of 
mineral deposits show that a liquid substance which is cooled 
slowly or a solution which is concentrated gradually tends to 
form large and perfect crystals while substances which are solid- 
ified rapidly produce small and ill defined crystals, of ten giving 
rise to massive forms. A substance which displays no evidences 
of crystallization is said to be amorphous as distinct from crys- 
talline. Glass is a good example of an amorphous substance. 

Laws of crystals 

A complete study of all known forms of crystallized sub- 
stances has shown that the formation of crystals is subject to 
the following laws: 

1 Law of constancy of interfacial angles 

2 Law of symmetry 

3 Law of simple mathematical ratio 

Law of constancy of interfaoial angles 

In all crystals of the same substance the angle between any 
two like faces is constant. Fig. 4 and 7 show two crystals of 
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the mineral zircon, both being eompoeed of the faces 
marked p and m. An examination of fig. 5, 6, 8 and 9, 





Fig. 4 



Fig. 5 



m 




m 




Fig. 6 







Pig. 7 Fig. 8 Fig. 9 

which show sections through fig. 4 and 7, will demon- 
strate that the angles between m and m in fig. 5 and 
8 are equal as are also the angles be- 
tween p and p and between p and m in fig. 
6 and 9. Compare the cardboard model 6^ 
which shows the same crystal as fig. 4. Fig. 
10 shows a distorted octahedron of magnetite, 
the shaded form within the outline represent- 
ing the normal octahedron equally developed Fig. lo 
in all directions; the faces of the outer and inner forms are 
parallel each to each. The cardboard model 1 is an ideal 
octahedron. 

Lfaw of symmetry 

By symmetry is meant the degree of regularity with which 
the faces and angles of a crystal are grouped about points, lines 
and planes. Thus a crystal may be symmetric to a plane, sym- 
metric to a line or axis, symmetric to a point or center. 

*The cardboard models will be found in a pocket attaeYi^Vo ^^ eo^«c. 
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A crystal is symmetric to a plane when it may be so divided 
by tbat plane that every face, edge and angle on the one side 
is repeated on the opposite side. In fig. 11, which represents a 
crystaJ of pyroxene, the shaded space shows the intersection 




of the crystal by a plane of symmetry, and it will be obserred 
that the jwrtion of the crystal lying to the right of the plane 
is related to the portion lying on the left in the same way that 
the reflected or mirrored image of the half crystal is related 
TO the direct ima^. Fig. 12 shows fig. 11 as seen from abore. 



A crystal is said to be symmetric to an axis of binary sjm- 
uu'iry when it ixvupies the sam^ position in space twice dnring 
one r»'volutio« about the axis, the coinciding positions being 
IS(*' ajtiirt. A consideration of fig. 13 and 14 will make this 
clcatiT; in ft)*- IS k is an aiis of binary symmetry and if the 
crA~sial is ivTolwd as shown in fig. 14 the point a will hare to 
irawrs** aa arc of !:?»»' and coincide with «' before the crystal 
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a and c are not interchangeable. The same statement holds 
good for fig. 19 and 20. Cardboard models 6 and 7 will help to 
make this clear. Fig. 16, 18 and 20 show that if one crystallo- 
graphic axis is also an axis of trigonal, tetragonal or hexagonal 
symmetry the other crystallographic axes will be at right angles 
to it and interchangeable. 

Crystal form 

When every face of a crystal cuts the axes to which it is 
referred at the same relative distances from the center or inter- 






Fig. 22 



Fig. 23 



Fig. 24 



section of the axes, the crystal is said to be composed of a single 
crystal form. Two snch crystals are shown in fig. 22 and 23 
from which it will be noticed that all the faces of each crystal 
form are similar. Compare models 1, 2, 3, 4 and 5, all of which 
are crystal forms. Crystals may be composed of a single crys- 
tal form or of combinations of two or more ^ 
forms. Snch a combination is shown in fig. 24 
which is made up of the two forms shown in fig. 
22 and 23. 

Jaiic of simple mathematical ratio 

If the faces of a crystal are extended to inter- 
sect the axes it will be found that these points of 
intersection lie at the ratio distance a, 6, and c 
characteristic of the substance, or at distances 
^which are simple multiples or fractions of these ratio dis- 
tances. Should a plane be parallel to one or two of th*:? axes 
its intercepts, or in other words the relative distances from the 
center at which it cuts these axes, are infinitv. Assuming the 
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axes Ora, h-h and c-c (fig. 25) of the ratio or unit lengths of sulfur^ 
that is to saj, 

a-a: b-b: c-c: = 0.813: 1: 1.903 
poHHible crystal faces of sulfur might have intercepts 

a: b: c: = .813 : 1: 1.903 
3a: b: c: = 3(.813) : 1: 1.903 
a: b: ic: = .813 : 1: i(1.903) 
oo: b: c: = oo : 1 : 1.903 etc. 

Tho quantities by which the ratio distances of any substance 

rnuHt hi* multiplied to give the intercepts for any ordinary 

cvyHiiil form of that substance are infinity and such simple num- 

hci'M HH 1, 2, 3, i, ^,|, etc. Fig. 25 shows the crystal resulting 

from the corribination of the crystal forms a:b:c: and a: b:Jc of 

Hulfur.* 

Systems of crystallization 

CryMtuIs of all known forms, however varied and complicated^ 
may be clanHified under the following six systems of crystalliza- 
lion, which will be taken up in detail. 

1 Isometric 4 Orthorhombic 

2 Tetragonal 5 Monoclinic 

3 Hexagonal 6 Triclinic 



' I rmtru merits employed for the measurement of interfacial angles are 
known as goniometers and are represented by two types: 1) contact 
KonIom(il(»TH which measure on a graduated half circle the angle obtained 
by directly applying to the faces of the crj^stal two pivoted arms; 2) reflec- 
tion gonlometerH whi(?h operate on the principle of reflection from the 
brilliant crystal faces of the image of a point of light. The crystal is at- 
tached to a rotating graduated circle on which the required angle is read. 
Of the two typcH the latter is by far the more accurate particularly for 
small crystals. 

The polarizing microscope, which is extensively used in determining tbe- 
optical properties of minerals and in the study of rocks, differs from th^ 
ordinary microscope in three essential features. 

1 It is equipped witli a revolving stage centered in the axis of the micro^ 
scope and graduated on the circumference. 

2 Below the stage is inserted a device which polarizes the light tha"^ 
passes from the reflector, that is to say only those rays of light tha'^ 
vibrate parallel to a certain plane are transmitted. 

3 Above the stage is placed a similar polarizing device called th^" 
analyzer which transmits the light that vibrates in planes perpendicular tcr^ 
the plane of the lower polarizer. 

These two polarizing devices, known as nicols prisms or " nicols,**' 
are constructed from cleavage rhombohedrons of transparent calcite and 
are so arranged that they are re« '" '*rted or removed. 
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I»omtirie ajfttem 

Crjatals inclnded in the ieometric system can be referred to 

three ioterchangeable axes at right angles to each other.^ The 

iQolecnlar stmctore of the mineral with respect to these axes 

'8 revealed not only by the outward form of the crystal but by 

the property, common to all isometric minerals, of transmitting 

polarized light equally in all directions. By virtue of this prop- 

^x*t:y a thin section of an isometric mineral cut in any direction 

'^'ill remain dark when viewed in a polarizing microscope be- 

t'^Veen crossed nicols or when observed in a similar way in the 

t<:>-tirinalin tongs. There are five gronps, differing slightly in 

*3~mmetry, included in the isometric system, three of which con- 

* ^ in nearly all the isometric minerals known. 

Any mineral of which definite crystals are found produces 
^^^^rms which show the symmetry of a distinct group, and 
' * M impo$»i6le to find in ruiture a crystal tohose ajfmmetry would 
^*^we it in more than one group. 

Nomial gronp 




FtB. a Fig. 27 Fig, 28 

The general symmetry of this group is shown in fig. 26 and 
27. The crystallographic axes are axes of tetragonal symmetry 
and any form belonging to the group, as for example the cube 
shown in fig. 27, must be symmetric to the planes which inter- 

'In the ideal representation of an [sometrlc oryatal ihpup bxps nri- eniial. 
Such & condition, however, seldom occurs In natnre. the crystal being dis- 
torted In vftrions directions. In the toWowing brief ontllnf. as wall an in 
the description of mineral species, the dla^ams represent ideal cr^Htals 
aad the reader's attention is directed to the symmetry and diHtrihnllon of 
the faces showD, which are invarlftble however mnch the actual crysrai 
may be distorted. 
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Fig. 29 



sect, as shown in fig. 28. The shaded planes of fig. 28 intersect 
in axes of tetragonal symmetry, the white planes intersect in 

axes of trigonal symmetry. 

Hexoctahedron. The hexoctahedron (fig. 29) 
is composed of 48 faces, each cutting the 
three axes at relatively different distances. 
The faces, which are scalene triangles, are 
grouped around the trigonal axes in groups 
of six. 
Cube. The cube (fig. 27, model 2) is com- 
posed of six square faces each of which is parallel to two axes. 
This crystal form is represented by a number of minerals, the 
most common being galena, fluorite, halite, etc. 
Dodecahedron. The dodecahedron (fig. 30, 
model 3) is composed of 12 rhombic faces, each 
of which cuts two axes at the same relative 
distance and is parallel to the third. This crys- 
tal form is quite common in garnet, and is 
found to a less degree in magnetite and other 
minerals. ^'^' '' 

The tetrahexahedron (fig. 31) is composed 
of 24 faces each of which is parallel to one 
axis and cuts the other two at relatively 
unequal distances. The faces, which are 
isosceles triangles, are grouped in fours 
about the axes of tetragonal symmetry 
and the long edges are parallel to the 
edges of a cube or 
hexahedron. This 
crystal form, in combination, is well illus- 
trated by copper, fluorite and other miner- 
als. 

Octahedron. The octahedron (fig. 32, 
model 1) is composed of eight equilateral 
triangular faces which cut the three axes 
equally. Good examples of this form may be found in crystals 
of magnetite and spinel. 




Tetrahexahedron. 




Fig. 31 




Fip. 32 



r 
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Fig. 33 



Xisoctahedron. The trisoctahedron (fig: 33) is composed of 24 

faeces, each of which cuts two axes at equal distances and the 

tliird at a distance which is relatively 

45'i"eater. The faces are isosceles triangles 

^xi.d are disposed in groups of eight about 

tlie axes of tetragonal symmetry and in 

S'X!'oups of three about the axes of trigonal 

^^"Tnmetry. The trisoctahedron is occa- 

^xonally found in combination with other 

^^ir^rms as in galena. 

Trapezohedron. The trapezohedron (fig. 34) is composed of 24 
^^^ces each of which cuts two axes at equal distances and the 

third at a distance which is relatively less. 
Garnet, leucite, analcite and other minerals 
crystallize in trapezohedrons. 

Of the above named crystal forms the cube, 
dodecahedron and octahedron alone pres(»nt an 
unvarying constancy of form, the cube and 
octahedron being identical with the familiar 
geometric forms. In the hexoctahedron, tetrahexahedron, trisoc- 
tahedron and trapezohedron the variations in the relative values 
of the axial intercepts give rise to a number of variations under 




Fig. 34 






Fig. 35 



Fig. 36 



Fig. 37 



each form, each subject to the law of simple mathematical ratio. 
The series of tetrahexahedrons shown in fig. 35-37 serves to 
illustrate this point. Fig. 35 and 37 are forms occurring in 
copper and fig. 36 is frequently observed on crystals of fluorite. 
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Borne of the combinationB of forma in this group are given 
fig. 38-43, the lettering of the faces being the same as that usi 
for the corresponding simple forms. 




Fig. 41 FlBr4S 

Pyritohedral g^oup 
The general symmetry of the pyritohedral group is shown ia. 
fig. 44. The crystal lographie axes are axes of binary symmetry 




and forms of this group are symmetric only to the shaded 
planes of fig. 28. The cube, octahedron, dodecahedron, trisocta- 
hedron and trapezohedron, which occur in this as well as in 
the preceding group, are here distinguished by striations, nat- 
ural etching and modifying faces which clearly show their binary 
symmetry; as for example the cube of pyrite shown in fig. 45, 
which occurs striated in the directions of the alternate parallel 
edges of each square face. 
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P^ritohedron. The pypitohedron (fig. 46, 47, model 4) is named 
from the 8i)ecies pvrite, of which it is a characteristic form. 





Fig. 46 Fig. 47 

^^ is composed of 12 pentagonal faces, each of which is par- 
allel to one axis and meets the other two at unequal distances. 
^^ will be seen from fig. 46 and 47 the pyritohedron exists in 

mplementary forms, fig. 46 being known as the plus ;ind fig. 
as the mmtis form. The 24 faces of the plus and minus 
^^T*itohedrons have the same position in space as the 24 faces 
^^ the corresponding tetrahexahedron of the normal group. 

Diploid. The diploid (fig. 48, 49) is composed of 24 quadrilat- 





Fig. 48 



Fig. 49 






Fig. 50 Fig. 51 Fig. 52 

eral faces each of which meets the axes at unequal distances. 
The complementary plus (fig. 48) and minus (fig. 49) forms bear 
the same relation to the hexoctahedron of the normal group 
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as the plus and minus pyritohedrons do to the tetrahexahedroB- 
Fig. 50-52 show combinations of forms in this group and rep- 
resent crystals of pyrite and cobaltite. 

Tetrahedral gxoitp 
TIi(» gon<*ral symmetry of this group is shown in fig. 53. Tt»- 
erystallographic axes are axes of binary symmetry and the cry 

tals of this type are symmetric to the si 
whit(» planes of fig. 28. The cube, dodecj 
hedron and tetrahexahedron occur in thii 
group but are readily distinguished froncn^*^ 
the same forms of the normal type by th< 
d(*gre(» of symmetry shown in their combi 
nations with other forms. The axes of trigo 
nal symmetry indicated in fig. 53 constitut( 
a cliaracterifttic feature of the group. 

Tetrahedron. The tetrahedron (fig. 54, 55, model 5) is com- 
posed of four equilateral triangular faces each of which meett 




Fig. 53 





Fig. 54 



Fig. 56 



the axes at equal distances. Two tetrahedrons are possible and 
are known as plus (fig. 54) and minus (fig. 55), the eight faces- 
composing them corresponding to the eight like faces of the- 
octahedron. 

Trigonal tristetrahedron. The trigonal tristetrahedron (fig. 56,. 
57) is composed of 12 triangular faces each of which meets 
two axes at equal distances and the third at a distance which 
is relatively less than the intercept on the other two. A plus- 
trigonal tristetrahedron is shown in fig. 56 and the correspond-^ 
ing minus form in fig. 57; these bear a relation to the trapezo- 
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iiedron of the normal group similar to that of the tetrahedron 
to the octahedron. 





Fig. 56 



Fig. 57 



Two other forms, the tetragonal tristetrahedron (fig. 58) and 
^^ hexakistetrahedron (fig. 59) are occasionally found in combi- 
^^tion. Some combinations in this group are shown in fig. 60-65, 





Fig. 58 



Fig. 68 






Fig. 60 



Fig. 61 



Fig. 62 






Fig. 63 



Fig. 64 



Fig. 65 
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Tetragonal Sffstem 

Crystals in the tetragonal system can be referred to three 
axes, all at right angles to one another, two of which are eqii^^ 
and interchangeable (denoted in fig. 66 by a) and the third 4 ^) 
is at right angles to the plane of the other two and is of ^ 
different length (greater or less) from the a axes. 

The relative lengths of the a and the c axes vary in each te '^' 

ragonal species, though there are several instances where thE ^ 

ratio differs to such a small degree in several species as to war* ' 

rant placing them together in what is known as an isomorphou & 

group.^ 

Normal gproup 

The general symmetry of this group is shown in fig. 66. Th^ 
vertical axis c is an axis of tetragonal symmetry and the hori— 





Fig. 66 



Fig. 67 



zontal axes a a are axes of binary symmetry. There are more- 
over two axes of binary symmetry which bisect the angles be- 
tween the axes a a. Any form in the group is symmetric to 
the planes shown in fig. 67. Compare model 6. 

Pyramids. A form composed of planes which intersect the 
horizontal axes a a at equal distances and which also intersect 
the vertical axis c is known as a pyramid of the first order and 
is composed of eight isosceles triangular faces. When the in- 
tercept on c as compared with that on a gives the axial ratio 
for any species the form is said to be the unit pyramid for that 
species. Fig. 68 shows the unit pyramid of zircon, the value 
of c for zircon being .64. Fig. 69 shows the unit pyramid of 
octahedrite where c=1.777. 



* See p. 45. 
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Fop each tetragonal Bpecies there may be several pyramids 
of the first order intersecting the vertical axis at multiples or 





Fig. 68 Fig. 69 

^''^ctions of the unit length c and producing steeper or flatter 
^^J*ins than the unit pyramid. 

The pyramid of the second order is composed of eight isosceles 
^^iangles each of which is parallel to one horizontal axis a and 
^^tersects tho. second horizontal axis a and the vertical axis c. 

The second order pyramid of zircon is shown in fig. 70. 





Fig. 70 



Fig. 71 



The ditetragonal pyramid (fig. 71) is composed of 16 isosceles 
triangular faces intersecting the horizontal axes at unequal dis- 
tances and also intersecting the vertical axis. 

Prisms. For each type of pyramid in the normal group there 
is a corresponding prism having the same relative intercepts 
on the horizontal axes as the pyramids of the same name, and 
having every face parallel to the vertical axis. These prisms 
are denoted as follows: 

Prism of the first order, having four faces, represented in 
fig. 72 by the faces marked m. 
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Prism of the second order, having four faces, represented ii 
fig. 73 by the faces marked a. 







Fig. 72 



Fig. 73 



Ditetragonal prism, having eight faces. 

The basal plane or base consists of a pair of planes parall^ 
to the horizontal or basal axes. 

The symmetry of this group can be best observed by consiA 
ering what is called the termination of the crystal, that is, tli^ 
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Fig. 74 



Fig. 75 




Fig. 76 






Fig. 77 








Fig. 78 



Fig. 79 



Fig. 80 



way in which the planes are grouped about the extremity of the 
vertical axis; two such terminations are shown in plan in fig. 
74 and 75. Some of the combinations in the normal group are 
shown in fig. 72-80. 
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Fig. 81 



Pyramidal gproup 

The general symmetry of this group is shown in fig. 81; as in 
the normal group the vertical axis is an axis of tetragonal sym- 
metry; a single plane of symmetry passes 
through the horizontal axes, which are not 
axes of binary symmetry as is the case in 
the normal group. 

The forms which have been described 
under the normal group occur also in the 
pyramidal group with the exception of the ditetragonal prism 
and pyramid. 

The relation between the symmetry of this 
group and that of the preceding one may be best 
studied by referring to fig. 82 which shows the ter- 
mination of a pyramidal crystal. The absence of 
vertical planes of symmetry, characteristic of this 
group should be noted. 
Two new forms occur, namely: prism of the third order, repre- 
sented in fig. 84; pyramid of the third order, represented in 
fig. 83 by the faces marked x. 
The relations of the pyramid and prism of the third order 




Fig. 82 





Fig. 83 Fig. 84 

to the corresponding forms of the first and second order are 
shown in fig. 84. Fig. 83 represents some combinations in this 

group. 

Sphenoidal group 

The general symmetry of this group, which is shown in fig. 
85, is somewhat analogous to that of the tetrahedral group of 
the isometric system. The crystallograpMc axe» ^y^ ^^^^ q1 
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biDarj symmetry and there are moreover, two vertical planes^ 
of symmetry (flg. 67, no. 4, 5). 
This symmetry admits of two new forms. 



FlB. 86 FiB. se 

1 The tetragonal splienoid (flg. 85, 86) ia composed of foar iso^* ' 
celes triangles which meet the horizontal axes at equal di^^ 
tances; they also intersect the vertical axis. Two spbenoidB -^ 
are possible which inclnde all the face^ - 
of the pyramid of the first order of th^^ 
normal group. The form is analogous ta::^^ 
the tetrahedron of the isometric system^ -* 
2 The tetragonal scalenohedrou (flg^ "^ 
87) is composed of eight scalene triangleSK •■ 
which intersect the horizontal axes un — ■ - 
ri«, n equally. As with the sphenoid there arei^s 

two complementary scalenohedrona possible for every different — - 
ratio of the intercepts on the horizontal axes. Up to the present ^^ 






Fig. ES Fig. gS 

time the scalenohedrou has been found only in combination with 
other crystal forms of this group. 

Some of the combinations in this group are shown in flg. 88 
and 89, which illustrate crystals of ehalcopyrite. 
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Heaiagonal eastern 

There are in geDeral many points of resemblance between 
hexagonal crystals and those which are included in the tetra- 
gonal system. This analogy is accentuated by the fact that the 
molecular structure of the minerals in both systems as exhibited 
in their optical properties show striking similarity. Hexagonal 
as well as tetragonal crystals are said to be optically uniaxial; 
that is, in every crystal of these two systems a section cut nor- 
mal to the vertical axis will remain dark when viewed between 
crossed nicols in the polarizing microscope; any other sectiou 
will show an interference color which changes to darkness op 
■' extinction " at regular intervals as the stage of the micro- 
scope is rotated. 

Hexagonal crystals are referred to fonr crystallographic axes, 
oae of which is vertical and perpendicular to the plane of the 
other three; this vertical axis, as in the tetragonal system, is 
indicated by c. The three horizontal axes are interchangeable 
and at 60" from each other; they are indicated by a. 

A Hexagonal division 
Normal group 

The general symmetry of this group is shown in fig. 90 and 01. 
The vertical axis is an axis of hexagonal symmetry and each 





basal axis is an axis of binary symmetry; there are also three 
axes of binary symmetry bisecting the angles between the cry- 
stallographic axes. Crystals in this group are symmetric to a 
plane of symmetry through the basal axes and to six planes of 
symmetry passing through the vertical axis and each of the axes 
of binary symmetry. The nomenclature of the forms is analo- 
gona with that used in the normal group of the tetragonal 
system, the forms being briefly stated as follows: 
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Pyramid of the first order 
Pyramid of the secoad order 
Dibexagonat pyramid 



93 
91 




Prism of the first order 95 

Prism of the second order 96 

Dihexagonal prism 97 

The basal pinacoid is shown terminating the prieras in fig. 9S' 

97. The relation of these forms to one another is shown in fig- 




(^^^ 



Fig. 98 Tig. TO FlK. 100 

98. Two combinations in the normal groap are shown in fig. 99 
and 100, which represent crystals of beryl. 
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Pyramidal gn^oup 

The symmetry of this group resembles that of the pyramidal 
g'roup of the tetragonal system in that crystals of this type are 
symmetric to the horizontal plane of symmetry shown in fig. 
90. The vertical axis (c) is an axis of hexagonal symmetry. 
Fig. 101 gives an idea of the general arrangement of faces about" 







Fig. 101 Fig. 102 Fig. 103 

this axis. The third order pyramid and prism, indicated in plan 
in fig. 102, are of frequent occurrence in this group, as well as 
tile pyramids and prisms of the first and second order described 
^.bove. 

The crystal of vanadinite shown in fig. 103 illustratee a combi- 
i^ation of pyramidal forms. Apatite and pyromorphite are eom- 
Daon minerals in this group. 

B Rhonibohedral division 
The groups which come under this division differ from the 
hexagonal forms hitherto discussed in the essential feature of a 
^^rtical axis of trigonal symmetry which gives to the termina- 
tion of rhombohedral crystals a trigonal as dis- 
tinct from a hexagonal aspect. Compare fig. 
^04, which shows a termination of a rhombo- 
T^^dral crystal, with the hexagonal terminations 

®hown in fig. 91 and 101. Compare also model 

8 with model 7. 

Rhombohedral g^roup 

Forms in this group are characterized by a vertical axis of 
trigonal symmetry and three horizontal axes of binary sym- 
metry, these axes being identical with the crystallographic a^es. 
They are also symmetric to three planes which mteT^ecV m Wj^^ 
yerticaJ axis as shown in fig. 105. 




Fig. 104 
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^•f^ I' 5 Fig. 109 

A^Ml#ff/^h«/lr/fri. 'I'Im' ^^rnh'nnhcdron (fig. 110) is composed of 1^ 
•/fil^n/' h)Mhi/Ml«i' fnr<«» I'lM'h of which cuts all four axes. A^ 
w)M» Hin f IfiiMdMihfMlron I wo foriiiH are possible for every valu^ 
iif Mm» v<'rMr«l IfiU'rri'pi. ThcHc nr<» related to the dihexagonaJ 
yyvi\\u]i\ )n Ihn kmiiio wii.v that (he rhombohedron is related to 
IIm' ii.vrMMilrt of Ihn \\v%\ onli'r. 
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The remaining forms of the rhombohedral group are geometri- 
cally the same. as the corresponding forme of the normal group 
and are: prism of the first order; prism of the 
second order; pyramid of the second order; basal 
plane. 

Some of the combinations in this group are 
shown in fig. 111-13. 



Bihombohedral-hexniinorphic group 

Comparing this group with the preceding one, 
the main points of difference to be noted are the 
lack: of symmetry to a point, which is character- 
istic of hemimorphic crystals, the two extremities Fig, no 
of tihe vertical axis showing dissimilar modifications, and the 
^aet: which results from the above, namely, that the horizontal 







Fig. m Fig. 112 Fig. 113 

^^es are no longer axes of binary symmetry. A crystal of tour- 
malin, which is an important species of this type, is shown in 
fig. 114 and serves to illustrate the main features of the group. 

Trirhombohedral ^oup 

Trirhombohedral crystals are characterized by the absence of 
planes of symmetry; they are, however, symmetric to a point. 





Fig. 114 Fig. 115 

The vertical axis is an axis of trigonal symmetry. The minerals 
ilmenite, dolomite, phenacite, dioptaee and willemite occur in 
forms of this group. Fig. 115 shows a crystal of ilmenite. 
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P^Ig. 120 

ll|>lil liniiilfil iMiil M\ liMiMhMl. Tho LM fncos of these four forms 
MMiHlllitli. Him plnnnmirn ilihnxHKoiml pyramid. 

i'lih hut I'MwInU of \\\\\\v\f. nhown in n^:- HO, 120 show the 
hlMnUHl ll«|M*»Hl\M^lhm \\\ \'\\\\\\\\\\\\\\y\\\ with other forms of the 
>4n*^MM \\\\\\ \\\y< \\mw\\ h^mMVtlvi^ly riirhthandod and left- 
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Trigonal pyramid. The trigonal pyramid (fig. 118) consiBts of 
six triangular faces, each of which cuts two basal axes (a) at 
equal distances and the third at a distance 
wliich is relatively half as great, each face 
also interests the vertical axis. 




Orthorhanibic sj/stem 

Crystal forms included in the ortho- 
rhombic system are referred to three un- Fig. iis 
^Qual uninterchangeable axes at right angles to one another. 
T*liese axes are shown in fig. 121 ; the shorter horizontal 
one, called the brachyaxis, is designated by a, the longer 
hc>rizontal axis, called the macroaxis, by b and the vertical 
^^^is bv c. The relative position of the macro and brachy 
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'axis' 



Fig. 121 Fig. 122 

^^es in a crystal of any orthorhombic species is determined by 
^he intercepts of a face occurring in that species, called a unit 
plane. The unit plane is selected from among those which cut 
both a and 6 axes and is preferably a plane which intersects all 
three axes. The intercepts of the a and c axes in terms of 6 
constitute the axial ratio, which is a constant for each ortho- 
rhombic species. Difficulty is sometimes experienced in prop- 
erly orienting an orthorhombic crystal owing to the fact that 
the crystal is often flattened in the direction of the macroaxis; 
thus in fig. 122, which shows a crystal of cerussite in plan, the 
brachyaxis appears to be longer than the macro because the 
crystal is elongated in the direction of a. 

Normal group 
Forms of the normal group are symmetric to three planes 
of symmetry intersecting in the crystallographic axes, which are 
axes of binary symmetry (fig. 123). 
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gous to those described under the prisms. Some combinations 
in this group, which includes many important species, are shown 

in fig. 128-34. 

Hesnimorphic g^oup 

The comparatively few si)ecies crystallizing in this group 
occur in forms which are symmetric to two planes of sym- 
metry passing through the basal axes and intersecting in the 

vertical axis which is an axis of binary symmetry. 
The two extremities of the vertical axis are not 
modified in the same way, giving a different 
termination to the two extremities of the crystal. 
The crystal of calamin shown in fig. 135 gives a 
good example of this type. 

Monoclinic system 
Fig. 135 Crystal forms in the monoclinic system are 

referred to three unequal uninterchangeable axes, two 
of which are inclined at an angle to each other, the third 
being perpendicular to the plane of the other two. The inclined 
axis which is placed vertical is designated by c, the other in- 
clined axis by a and the normal or orthodiagonal axis by 6. 

A monoclinic crystal is represented con- 
ventionally with the orthoaxis (6) extending 
from right to left and the clinoaxis (a) dip- 
ping downward from back to front, the 
acute angle between the vertical and clino 
axes being designated by ,3 (fig. 136). The 
statements regarding axial ratio under the 
discussion of the orthorhombic system 
apply in the case of monoclinic species with 
the additional note that the angle /5 varies 
for every species and constitutes one of the factors to be de- 
termined. 

Normal group 

Forms of the normal group are symmetric to one plane of 
symmetry, which is the plane of the clino and vertical axes, and 
to one axis of binary symmetry, which is the orthoaxis (fig. 137). 




Fig. 136 
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Siiiacoidfl. As in the normal group of the orthorhombic sys- 

^^^, the monoelinic pinacoids are parallel to two axes and con- 

^-ist of pairs of parallel planes. 

The basal pinaeoid is parallel to both basal axes 
' snd 5. 

The clinopinacoid is parallel to the clino and the 
Ttical axis. 

The orthopinacoid is parallel to the ortho and the 
Ttical axi». 

Fig. 136 shows the intersection of these three 
i^inacoids. rig. 137 

Prisms. The monoelinic or inclined rhombic prism cuts both 
horizontal axes and is parallel to the vertical axis. The clino 

and ortho prisms of this group are entirely ana- 
logous, in tneir relations to the unit prism, to 
the macro and brachy prisms of the preceding 
system. Fig. 138 shows an inclined rhombic 
prism terminated by {\ basal pinaeoid. 

Domes. The clinodome (fig. 139) consists of 

four faces parallel to the clinoaxis cutting the 

ortho and vertical axes; the faces are parallel 

pairs. The four faces which are parallel 




Fig. 138 

opposite 



m 

to the orthoaxis and intersect the other two, by reason 

0^ the lack of symmetry constitute two pairs of planes which 





Fig. 139 Fig. 140 

are known as hemiorthodomes, the planes lying in the acute 
angle P being known as plus and those in the obtuse angle as 
minus. The plus and minus hemiorthodomes are shown in 
fig. 140. 
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Fynuuidi. For the same reason that the aboTe mentioned 
faces are hi'miorthodomes, the monoclinic forma which cut all 
throe axes are hemipyramids. Faces in the acnte angle ^ are 
plus hemi pyramid 8 and those in the obtuse angles are minus 





hemipyramids {fig. 141, 142). As in the case of the prisms there 
are unit, ortho, and clino hemlpyramids. 

Some combinations in the group are given in flg. 143-148. 




Ti'icUnic system 

The least symmetric of the six systems includes all forma 

which are referable to three unequal uniuterchangeable axes 
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all of whicli are inclined to one another. The axes are desig- 
nated as in the orthorhombic system. The angle between 
6 and c is called a, that between a and c, ,3 and that between 
a and 6, /'. These angles are distinct for every triclinic species 
(fig. 149). 

The similarity in molecular structure between minerals of the 
orthorhombic, monoclinic and triclinic systems indicated by 
their crystallization is further accentu- 
ated by their optical properties, crys- 
tals of all three systems being opti- 
cally^ biaxial; that is, there are two v-^^ 
directions in which polarized light is 
transmitted through them without double 
refraction. Lines bisecting the angle between these optic axes 
t>ear a close relation to the symmetry and outward form of the 

crystal. 

Normal g^oup 

Crystals occurring in this group are symmetric only to a 
center, which is the point of intersection of the crystallographic 
^xes. This symmetry admits of forms occurring only in the 
pairs of faces ;^ thus all prismatic and dome forms which in the 
orthorhombic system are represented by four faces here occur 
^s hemiprisms and hemidomes, two faces alone being required 
^^ satisfy the symmetry of the class. Similarly, pyramidal 



I 
i 

i 

Ic 
Fig. 149 






Fig. 150 Fig. 151 

forms which in the orthorhombic system consisted of eight faces 
^re replaced by four complementary forms each consisting of two 
parallel planes. Compare model 11, which shows a triclinic or 
doubly inclined rhombic prism. With the above exceptions 



* See p. 10, fig. 21. 



i 



38 NEW YORK STATE MUSEUM 

the forms are identical in nomenclature with those of the ortho- 
rhombic system. 

Two examples of triclinic crystals are shown in fig. 150 and 
151 which represent respectively axinite and albite. 

Variations in fo)yn 

Reference has been made (p. 13) to the variations between 
the mathematical development of a crystal form or combination 
of forms and the actual mineral, crystallizing in those forms, as 
it is found in nature. This distortion is often misleading to a 
beginner, cubes and other forms of the isometric system being 
frecjucaitly elongated in the direction of one axis to such an 
extent as to resemble crystals of the tetragonal, the ortho- 
rhombic or even the hexagonal system. The reader is advised 
to observe carefulh^ crystals of known minerals and to bear 
constantly in mind the symmetry of the group to which they 
belong. 

Crystals of mineral species from the same locality show a 
predominance of one or two forms, which gives to such crystals 
a distinguishing character known as crystal habit. Minerals 
which occur widely distributed often show great variety i^ 
crystal habit, producing forms which are of great interest a^^^ 
beauty; quartz and calcite are notable examples. 

Grouping of crystals 

Though the crystals of many minerals occur isolate<l a^ 
developed alike on all sides, having somewhat ihe regularity ^ 
the ideal rc^presentations, it is far more common to find th^^ 
grouped together in clusters, lining the interior of caviti^" ^' 
springing from the accompanjung rock or lying embedded in tk^ ^ 
matrix. In some species the crystals show a tendency to a^' 
range themselves in pairs, the faces of one individual bein^ 
symmetrically disposed with respect to the other but in revers^ 
position. This intergrowth of like crystals produces what \0 
known as a twin crystal, the resulting solid being frequently 
of considerable complexity. A twin crystal may be recognized 
by reentrant angles which distinguish it from a simple crys- 
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tal, all tbe dihedral angles of which sFo[>e outward. A twinned 
octahedron is shown in flg. 152; the penetration twin cube, com- 
mon in flnorite is shown in flg. 153 (compare also pi. IS,); a 
Bcalenohedron of calcite twinned pnrallel to the basal plane is 






Fig. 154 KIE 1^ 

shown in fig. 154, and a tetragonal tnin of eassttcnte in fig. 155. 
Aggregations of crystals frequcntiv ou in cioiipid m parallel 
position as shown in pi. 1,. 

i^iirface irretjularitks 

Surface irregulaiities, occurring as thev do on like faces of 
some crystals, often constitute a valuable mesms of determining 
the symmetry and consequently the group and aysti^ni. Such 
markings on the faces of pyrite have been noticed in a former 
paragraph.^ They are due in general to various causes which 
interrupt the perfect growth of the individual, producing low 
parallel furrows called striae or striations, angular depressions 
or prominences and dull faces. Curved faces are sometimes 
produced, as in the ease of diamond. 

' See p. 16. 
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* Inclusions 

Foreign bodies inclosed within a crystal are described under 
the general name of inclusions. They may be solid, liquid or 
gaseous in nature and organic or inorganic in origin. In gen- 
eral, inclusions result from rapid crystallization, as in the case 
of the calcite crystals shown in pi. l^i these show the typical 
rhombohedron of calcite, though containing a large pereentage 
of the quartz sand carried by the solution from which they were 

rrvstnllized. 

CntstiiUlne aiJiiregates 

Tntler this head are included the great majority of mineral 
specimens made up of aggregates of imperfect crystals. Many 
luasst^s of material which appear to have no crystalline struc- 
turt^ can Iv proved by optical and other physical tests to be 

composed of crystalline grains. 

1 Colnmnar stmctnrc. Minerals possessing a columnar or 
nbrous structure present the api^earanoe of bandies of slender 

columns. 

i\ir;iy.',-l oo Aimnar. example beryl, pi. -.^ 
r'a-ieii. exAuip'e oyanire. pi. -^ 
l'c7or:s. -fxazir-'e sr-7:> i:::::e ohrvsorile' pi. 3, 
^ Ldziellir smcnre. Tlir r-.r^iiral :s composed of layers or 
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faces of the cube, octahedron or dodecahedron. A good exam- 
ple of cubic cleavage is presented by the specimen of galen 
shown in pi. ll^. 

Tetragonal and hexagonal minerals show basal, prismatic or- 
more rarely pyramidal cleavage. Bhombohedral cleavage is 
common among minerals crystallizing in the rhombohedral divi- 
sion of the hexagonal system. The rhombohedral cleavage of 
calcite is shown in pi. llj. 

In the orthorhombic system cleavage parallel to one or more 
pinacoids is common, also prismatic cleavage. Clinodiagonal 
cleavage, parallel to the clinopinacoid, is found in many mono- 
clinic species; also basal and prismatic cleavages and occasion- 
ally cleavage parallel to the hemipyramids as with gypsum. 

In the triclinic system it is customary to select the axes so as 
to make the cleavage directions parallel to the pinacoids. 

The parallel planes produced by cleavage may sometimes be 
advantageously observed by holding the specimen so as to reflect 
the light from a prominent face, and noting how the cleavage 
faces, previously hidden by the rough surface of the specimen, 
catch and reflect back the light. Cleavage is also evidenced by 
reflections from the interior of the crystal, incipient cracks and 
many other traces which appeal to the eye of a trained obeerver. 

Fracture 

The fracture of a mineral is observed on a broken suFface 
other than a cleavage plane. It may be: 

1 conchoidal, with a smooth, curved surface like broken glass 
or porcelain; 

2 even, with more or less regular depressions and elevations; 

3 uneven, with a rough, irregular surface; 

4 hackly, with sharp, jagged elevations like broken iron. 

Hardness 

The degree of resistance offered by the smooth surface of a 
mineral to abrasion is known as hardness. A relative scale of 
hardness of 10 common minerals is arranged as follows:^ 

1 talc 3 calcite (crystallized) 

2 gypsum 4 fluorite 

^This scale of hardness was introduced by Mohs and is now generally 
accepted. 
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5 apatite 8 topaz 

^ orthoclase 9 corundum 

1 quartz (rock crystal) 10 diamond 

^ sharp corner of the mineral to be tested for hardness is 

l)bed across the surface of each successive member of the 
sc^^e, beginning with the high members, till one is found which 
is distinctly scratched; the hardness thus determined lies be- 
tween that of the scale mineral scratched and the next higher 
member; thus, a mineral which scratches calcite but does not 
scratch fluorite has a hardness of 3-4. A good knife will scratch 

6 with difficulty. 

Tenacity 
-A mineral may be: 

1 brittle, when it falls to powder before a knife or hammer 

and can not be shaved in thin slices; 

2 sectile, when it can be shaved in thin slices but falls to 

powder under the hammer; 

3 ductile, when slices shaved from it mav be flattened under 

the hammer; 

4 flexible, when it will bend without breaking. 

Characters depending on light 

Luster 

^differences in the luster of minerals are due to the light which 
is reflected from the surface; luster is independent of the color of 
the mineral. The luster of a mineral may be: 

X metallic, the luster exhibited by opaque metals, example 
pyrite; 

2 adamantine, the oily luster of the uncut diamond, example 

cerussite ; 

3 vitreous, the luster of glass, example quartz; 

4: resinous, the luster of yellow resin, example sphalerite; 

5 greasy, the luster of oiled glass, example elaeolite; 

6 pearly, the luster of the mother of pearl, example brucite; 

7 silky, the luster of silk produced by a fibrous structure, 

example satin spar; 

8 dull, void of luster, example kaolin. 
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Color 

The color of a mineral is a matter of considerable variation, 
different specimens of the same species frequently differing 
through quite a wide range. This is notably so of the minerals 
of nonmetallic luster, as in the case of fluorite, which is found 
in white, yellow, green, rose-red, violet, blue, brown, wine color 
and greenish blue varieties. Metallic minerals are far more con- 
stant in color, a fresh fracture ordinarily giving the character- 
istic color of the species. 

The color of the fine powder of a mineral is known as its 
streak and often differs from the color of the hand specimen. 
With soft minerals it may be readily obtained by rubbing the 
specimen on a piece of unglazed porcelain. 

General principles of chemical classification 

A substance which can not be decomposed or separated into 
simpler constituents is known as an element. About 70 such 
elements are recognized at present, less than half of which are of 
common occurrence. It is estimated^ that 99i of the solid crust 
of the earth for a depth of 10 miles is composed of eight elements 
as follows: 



oxygen 


47.3^ 


calcium 


3.8^ 


silicon 


27.2 


magnesium 


2.7 


aluminium 


7.8 


eodium 


2.4 


iron 


5.4 


potassium 


2.4 



For convenience elements are represented in chemical formulas 
by symbols which consist of the initial letter of the name of 
the element or an abbreviation composed of two letters, thus: 
P=phosphorus Na^=sodium (natrium) 

S=sulfur Ca^=calcium 

0=oxygen Pb=lead (plumbum) etc. 

In the appendix will be found a table giving the names of 
the elements, their symbols and their relative atomic weight. 
Some elements occur native or alone in nature, such as gold, 
silver, copper, carbon, sulfur, etc. but the great majority of 



^Clarke, F.W. Relative abundance of the chemical elements. Phil. soc. 
of Washington. Bui. 9. 1889. p. 138. 
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mineral species are compounds of two or more elements united 

according to the laws of chemical combination. 

A few predominant chemical compounds make up the greater 
part of the earth's crust. Of these, silica (SiOo), a combination 
of silicon and oxygen, is the most important. This forms quartz 
and its numerous varieties, amethyst, agate, flint, etc.; and, com- 
bined with other elements, often with an extremely complicated 
chemical composition, silica makes the great group of silicates,, 
which includes the larger number of the common rock forming 
minerals. Oxygen combined singly with an element forms 
another great group, the oxide to which many ores, such as 
those of iron, belong. Combined with aluminium oxygen forms 
alumina (AlaOg), a common mineral; and this combined with 
silica is the base of our clays and an important rock constituent. 
Oxygen with carbon and some other elements forms the carbon- 
ates to which limestone belongs; with sulfur and some other ele- 
ments it forms the sulfates (gypsum, etc.) ; and with phosphorus 
and another element the phosphates. Sulfur, without oxygen, 
combined with an element forms a sulfid, fluorin a fluorid, 
chlorin a chlorid, etc.^ 

The most satisfactory classification of mineral species is that 
based on chemical composition. Under sections having a similar 
chemical composition, species are divided into groups which 
usually embrace minerals closely allied crystallographically. 
Throughout the succeeding section the chemical composition of 
each species is given in words and symbols, which, while appeal- 
iiig specially to the chemist, can be readily understood by those 
^'ho bear in mind that in each mineral those elements are found 
whose abbreviations appear in the symbol. Numbers below the 
sign indicate the relative number of atoms of each element. 
Example, realgar is a sulfid of arsenic, and the signs of sulfur 
(8) and arsenic (As) appear in its symbol (AsS); or, there is one 
atom of sulfur and one of arsenic united, but arsenic is rela- 
tively heavier than sulfur (see table of elements in appendix) 
therefore the composition by weight is in percentages: sulfur,. 
29.9; arsenic, 70.1; 100. 

Isomorphism, dimorphism, etc. 

It has been found in a number of cases that mineral species 
so related by chemical composition as to form part of one of the 

*Tarr, Ralph S. 12,0011011110 geology of the U. S. IB^, 
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^9A ^f^'y^is^l (»r^.^^^rtfle»: misf^r^Ii^ m^ r«^uia:**ii ar^- saiDi to form an 

Jr^^;:^ m tir<r ^^ nr.e^ ««eTae» ^ <^rf?cal f«;>rafe§ «Uek acre nocablv 
f^yi^rTktH aikd A^xvttfX aad fneqiirKtfT pc«r9«eftt itK* sTmmetry of 
4i9^*^l ^jfTikt^fttB*: this jsir*^ r»e t*> two ^^ometiiiie^ thrvei 
i^p^rf^^rn 44 kkftufJeal frhtWBOf^l eom|j«(mi«« and i» known as dimor- 
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44 4^Uiinm^ whU:h erymstlUxes in the rfaombohedral group of the 
itt^xs^l^mtsii njrntem sui^ the mineral caleite and in M^orhombic 
Ufftftn ^n the mineral arag«m!te. Calcite stands at the head of 
fin \mmufr\f\t(m% f^mp of carbonates which all crystallize in very 
4',Umeiy reflated rbombobedral forms. Similarly aragonite repre- 
n4mtM nn jiJ^iinorphoaH group of orthorhombie carbonates which 
H^fi'M V4fry ('lonely in axial ratios and crystal habit. 

Pseudomorphs 

Vol, iJiMromrnonly the composition of a crystallized mineral will 
utuU'Vpiio H(fUu* change by reason of the addition, loss or replaee- 
tiu*ui of one or more elements. Thus pyrite, which is a sulfid 
of Iron, mjiy, under certain conditions, undergo a change of 
coMipoMllion^ the nuifur being replaced by oxygen and some water 
ihmI Ihe rcMiilling mineral will have the composition of 
llMiohll<*. TIiIh change is n/jt accompanied by a corresponding 
clinnK*' '" <'Xfernal form, therefore the altered substance will 
|M'eNen( Hh' crynf allizal ion and structure of the original mineral 
bill (he coin|ioHlli(Mi, (•oh)r, lustier and hardness of the mineral 
lo which II liiiH nllered. Such a i)roduct of alteration is called 
n liNcudomorph. In I In* above instance limonite is said to 
fonii II pNciHloiiiorph after pyrite. 
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FAET2 

DESCRIPTION OF MINERAL SPECIES 

native: blbments 

Native elements are divided into two groups, metals and non- 
metals; between these two is inserted a series of semimotals 
which partake, sometimes of the nature of the metals and some- 
times of the nature of the nonmetals. 

XONMETALS 

Diamond, carbon C 

X)iamond8 are usually found in isolated, rounded, isometric 
^I'y stals, octahedrons or modified octahedrons (pi. 12i). They are 
transparent, with an adamantine luster, like oiled glass, and 
ar-e commonly colorless or faintly tinted. 

The diamond is the hardest substance known; this, together 
w^-th its high refractive power and easy octahedral cleavage, 
renders it particularly suited for a gem stone, while the com- 
pa.rative rarity of unflawed crystals and the difficulty expe- 
rienced in cutting them owing to their extreme hardness, com- 
bine to make diamonds objects of considerable value. Massive 
and impure varieties are used for abrasive materials and in such 
cutting machinery and tools as require very hard edges. These 
ttiassive varieties are known as bort and carbonado. Bort con- 
sists of rounded form® of confused crystalline structure. Car- 
bonado is a black, massive form without cleavage. 

Diamonds occur chiefly in alluvial deposits of gravel, sand or 
clay, the associated minerals being those common to granitic 
rocks. Diamonds were formerly extensively obtained from 
India, which has produced many remarkable gems; later they 
^'ere discovered in Brazil, but the present .great diamond pro- 
ducing region is South Africa. 

Graphite, carbon C 

Like the diamond, graphite is composed of carbon sometimes 
containing iron, clay, sand or other impurities. It occurs in soft 
black flakes or scales which are rarely hexagonal in shape. 
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Graphite has a basal cleavage, splitting into plates which are 
flexible and slightly sectile, its luster is metallic and its color 
black to gray. 

Graphite occurs in beds and as embedded grains in granite, 
gneiss, mica schist and crystalline limestone. It is quite widely 
distributed throughout New York, appearing notably at Hague 
from which locality a large proportion of the American output 
is obtained. 

Graphite is used largely in the manufacture of crucibles and 
other refractory vessels, in the so called " lead " pencils and for 

many other purposes. 

Sulfur S 

Sulfur is found in orthorhombic pyramids as in fig. 157, or 
modifications of the same, fig. 158, the crystals are often trans- 
parent and in the Sicilian variety extremely beautiful. Sulfur 
is also found massive, reniform, stalactitic, incrusting other 





Fig. 157 Fipr. 158 

Sulfur 

minerals, as in the varieties found near hot springs and in 
the form of a powder. The color is commonly a lemon-yellow 
but not infrequently shades into yellow orange, brown or gray. 
Th(; luster is resinous and the streak white. Sulfur is found 
notably in the regions of active or extinct volcanic action, as a 
d(*i)08it from hot springs and as a product of the decomposition 
of sulfids and sulfates. It occurs in large deposits in the 
island of Sicily; it is also distributed to some extent throughout 
the western part of the United States and has been known to 
occur sparingly near the sulfur springs of New York. 

Sulfur is used in large quantities in the manufacture of sul- 
furic acid, gunpowder, matches etc. 
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SEMIMETALS 

Ajsenic. Arsenic is usually found in massive forms, the 

structure being reniform, and is composed of concentric layers 

^hich can frequently be separated with ease. Crystals are 

<iuite rare. The color is tin-white, tarnishing to black, and the 

'Oster is neai*ly metallic. It occurs in veins in crystalline rocks 

^^d in the older schists. 

-Antimony. Usually found in massive forms, lamellar or radi- 
at:ed, of a tin-white color and metallic luster. Rhombohedral 
<^*^yfitals are of rare occurrence. 

ISismuth. Bismuth is found in brittle, silver-white, arbores- 
<^^xit forms which, on a fracture of the ground mass, resemble 
Hl^brew characters; also foliated and granular. The luster is 
lii^^hly metallic^and the color white, sometimes taking a reddish 
tt ^■^fcge. It is rarely found in distinct hexagonal crystals. 



METALS 

Gold An 

<jold is usually found alloyed with small amounts of silver 

^xxd sometimes copper and rare metals. Distinct isometric 

cxr^stals are rare though skeleton crystals and distorted octa- 

l^^drons in wirelike, arborescent and reticulated shapes are 

^xiite common. Nuggets, grains and scales are also charac- 

t^xistic, usually disseminated through the gold-bearing rock in 

^vich small quantities as to be perceptible only by assay methods. 

'^"t is of a fine yellow color, has a metallic luster and is extremely 

^3cialleable and ductile. 

Gold occurs in veins, usually in quartz rock, where it is asso- 
ciated with sulfids, specially pyrite. It is largely mined from 
superficial deposits of sand, gravel and boulders formed in the 
valleys and river bottoms from the erosion of higher rocks con- 
taining gold veins. These beds of gold-bearing material are 
^Jailed placers. 
Gold is used chiefly for coinage, jewelry and gilding. 
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Silver Ag 
Silver is found in nature quite pure though sometimes alloyed 
with gold, copper and other metals. Isometric crystals are of 
rather more frequent occurrence than in the case of gold; 
parallel groupings of cubes are quite common; these pass into 
distorted fernlike and wirelike forms similar to those shown in 
pi. 12j. Silver is a soft, malleable metal, silver-white on the 
fresh fracture but tarnishing to dark gray or black. 

Silver occurs in veins traversing gneiss, schist, porphyry and 
other rocks and is also associated with copper in calcite. It is 
commonly carried in small amounts by galena. Some of the 
more important localities where it is found are Kongsberg, 
Norway; Saxony; Peru; northern Mexico; also Michigan, Col- 
orado, Idaho, Montana and Arizona. An unsuccessful attempt 
to mine silver in the vicinity of Ossining was made early in the 
last century. 

Silver is used for much the same purposes as gold. 

Copper Cu 
Copper occurs in soft, red, malleable crystals of the isometric 
ayatem, disseminated masses and sheets. The common crystal 
forms are the cube and tetrahexahedron 
alone or in combination as shown in 
fig. 15!); distorted and twisted crystals 
■ pass from parallel groups to branching 
arborescent forms (pi. 1.%). Twins are 
quite common but are, however, almost 
invariably distorted. The luster is metal- 
copper lie and the color and streak red, the 
former often tarnished nearly black. 

Copper occurs in beds and veins with native silver and the 
various copper ores and is frequently found near dykes of 
igneoiis rock. In the I^ake Superior region in northern Michigan 
it occurs in dolcrite and sandstone associated with calcite, dato- 
lite, analcite, etc. 

Copper is largely used in electric work and in alloys such as 
brass, bronze, t>ell metal, German silver, etc. 
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Mercury Hg 

Mercury is remarkable as being almost the only mineral 
occurring in the liquid state. It is found in small white metallic 
globules scattered through its gangue, which is usually its own 
sulfid, cinnabar. 

It occurs chiefly in clay shales and schists. 

Platinum Pt(re) 

Platinum as it occurs in nature is almost invariably alloyed 
with iron and usually with small quantities of the rarer metals. 
It is found in small malleable grains or nuggets of a steel-gray 
to white color scattered through alluvial sand and associated 
with gold. It is often mined with the gold from these placer 
deposits. 

A. la.rge proportion of the production of platinum is taken 
from the placer deposits of the Ural mountains. It is also 
known to occur in Borneo, Brazil and the United States of 
Colonabia. 

Pla-tinum is practically infusible and is consequently used to 

a large extent for chemical apparatus which is required to 

resist a high degree of heat. 

Iron 
See nnder meteorites. 

SrLFIDS, SBIiESNIDS, TEILLURIDS, ARSENIDS, ANTIMONIDS 

SULFIDS, ETC. OF THE SEMIMETALS 

Bealgar AsS 

Realgar is a monosulfid of arsenic. It occurs in translucent, 
orange-red granular masses with a resinous luster, also in 
transparent monoclinic crystals, which are short prismatic in 
habit and are striated vertically. 

Bealgar is found in Hungary and in the island of Borneo; it 

also occure in Utah, California and Wyoming. It is used as a 

pigment. 

Orpiment As^Sa 

Oppiment is the trisulfid of arsenic. It sometimes occurs in 
imperfect orthorhombic crystals but more generally in foliated 
OP columnar masses of a brilliant lemon -yellow. When foliated 



\ 
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it can be readily separated into thio, flexible, nonelastic scales. 
Orpiment is soft iH-1.5-2i, slightly sectile and has a resinous or 
pearly luster. 

It is often found associated with realgar. The jirincipal 
localities are Hungary, Borneo, Turkey; also Wyoming^ Utah 
and Nevada. It is found in the form of i)Owder at Edenville 

X. Y. 

Stibnite (antimony glance) Sb^S, 

Stibnite is the trisulfid of antimony containing snlfar 28.6j^, 
antimony 71.4'^. 

It is found in orthorhombic crystals of prismatic habit; a 
typical termination is shown in fig. 160. The crystals, which 
are frequently acicular, show a tendency to arrange themselves 

in radiating and reticulated groups (pi. 9,, lOg). 
They are grooved and striated vertically and are 
sometimes bent and twisted. The color and streak 
are lead-gray and the luster metallic with bril- 
liant reflecting surfaces. Stibnite is quite soft, 
the hardness being about 2, and has an easy 
cleavage parallel to the vertical axis. It often 
„. ,,, occurs in massive forms coarse or fine columnar 

Fig. 160 

Stibnite ^nd somctimes granular. 

Stibnite occurs in Hungary, Japan and New South Wales; 
also in Nevada, Idaho, Utah, California, Arkansas and Nova 

Scotia. 

Stibnite is the chief source of antimony and is also used 
quite extensively in the production of safety matches, per- 
cussion caps, fireworks and rubber goods, and in the refining 
of gold. 

SULFIDS, ETC. OF THE METALS 

Galena (galenite, lead glance) FbS 

This important mineral is the sulfid of lead, containing sulfur 
13.4^ and lead 86.6;^. 

It is found crystallized and massive and is characterized by a 
very marked cubic cleavage (pi. lli). The crystals, some of 
which are shown in fig. 161-63 are isometric, the cube and 
octahedron being the prevailing forms. The crystal group 
shown in pi. 14^, gives some idea of the crystal habit and irreg- 
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)uping. Distorted crystals are frequent, as in the speci- 
om Gonderbach, Nassau (N. Y. state museum collection), 
'ystals are also common. Galena is lead-gray in color 
eak; it is soft (H-2.5) and very heavy. The luster is 






:. 161 



Fig. 162 
Galena 



Fig. 163 



: and bright on a fresh fracture but apt to become dulled 
iized on crystal faces which have been long exposed, 
la is very widely distributed. It occurs in veins in 
ine and noncrystalline rocks and is commonly associated 
her sulfids and other salts of lead, which latter are 
tly the result of its alteration. In addition to numer- 
l important foreign localities it occurs in the United 
n extensive deposits in Missouri; also in Illinois, Iowa, 
dn, and in New York at Rossie, St Lawrence co., Ellen- 
ster CO. and Wurtzboro, Sullivan co. 
la is the principal ore of lead and is extensively worked 
:ado, Idaho, Montana and other western states for the 
usually contains. 

Argentite (silver glance) AgS 

ulfid of silver contains 12.9^ sulfur and 87.1^ silver, 
irystals are isometric, of an octahedral habit, and are 
odified by the cube; distorted forms are quite common as 
allel groupings which produce arborescent forias. It 
urs massive. Argentite is soft and sectile; it has a lead- 
or and metallic luster. 

lurs at Freiberg, Germany; in Hungary, Norway, Corn- 
TU, Chile and Mexico. In the United States it is found 
da and Arizona and in the Lake Superior region of 
n. It is mined for silver. 
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Chalcocite (copper glance) CUsS 

Chalcocite is a copper sulfid containing 20.2j^ sulfur and 79.8jif 
copper. 

Though often occurring in orthorhombic crystals (pi. l^g) chal- 
cocite is more frequently met with in masses which somewhat 
resemble argentite but are much more brittle; it may be dis- 
tinguished from bornite by the absence of the characteristic red- 
brown color peculiar to bornite. The luster is metallic and the 
streak and color lead-gray, the latter taking a dull black tarnish 
on exposure. 

Chalcocite occurs commonly associated with other copper 
minerals. Beautiful specimens of this mineral are found in the 
Cornwall mines. It occurs also in Bohemia, Saxony, Mexico and 
South America. Interesting crystals are found at Bristol Ct., 
and massive varieties to considerable extent at Butte Mont. 

Chalcocite ifi an ore of copper. 

Sphalerite (zinc blende or blende) ZnS 

The zinc sulfid known as sphalerite or blende contains 33;^ 
sulfur and 67^ zinc. 

Sphalerite often contains cadmium manganese and iron in 
small quantities. It crystallizes in the tetrahedral group of the 





Fig. 164 Fig. 165 

Sphalerite 

isometric system (fig. 164, 165). In specimens from some locali- 
ties the modification of the dodecahedron shown in fig. 165 has a 
tendency by reason of repeated twinning to form a somewhat 
curved face as in the specimen shown in pi. 15i. Massive 
varieties are very common and show a perfect dodecahedral 
cleavage. Compact masses of alternating layers of sphalerite 
and galena also occur. The color ranges from black through red, 
brown, yellow, green, to white, the more frequent shades being 
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tlack, brown and yellow. The streak is yellowish brown to white 
and the luster resinous. 

Sphalerite occurs in both crystalline and sedimentary rocks 
and is frequently associated with galena. Such an association 
is found in the extensive deposits of Missouri, Wisconsin, Iowa 
and Illinois. Sphalerite is found in several localities in England 
and Grermany, also in Hungary, Sweden, Spain, etc. In New 
York it is found in small quantities in a number of places, not- 
ably at Wurtzboro, Sullivan co., Ellenville, Ulster co., at the 
Ancram lead mine in Columbia county, in the limestone of 
lockport, Niagara co., and with calamin at Bethlehem Pa. 

Besides being an important ore of zinc, sphalerite yields con- 
siderable cadmium. 

Cinnabar HgS 

The sulfid of mercury, cinnabar, contains 13.8;^ sulfur and 86.2^ 
mercury. 

The mineral is rarely found in hexagonal crystals of the rhom- 
^ohedral-trapezohedral group; it is commonly met with in 
granular or earthy masses sometimes incrusting or as an 
earthy coating. Cinnabar is very heavy (Gr=8.-8.2) ; this and its 
Wlliant red etreak usually serve to identify it. The color is 
<^chineal-red to reddish brown and sometimes even inclining to 
Wack; the luster is adamantine to dull. 

Cinnabar occurs in a variety of rock formations, being found 
in slate, shale, granite and porphyry, where it is associated with 
other sulfids. The principal localities are Almaden, Spain, 
southern Russia, southern Austria, China, Peru, and Mexico. 
California furnishes most of the American output. 

Cinnabar is a valuable ore of mercury and was formerly 
ground for a pigment called vermilion. The pigment is now pro- 
duced artificially. 

Oreenockite CdS 

Greenockite, the sulfid of cadmium, contains 22.3^ sulfur and 
T7.7^ cadmium. 

It usually occurs as a bright yellow powder coating sphalerite 
and rarely in dull yellow hexagonal crystals of the hemimorphic 
group. The crystals are nearly transparent and. of a resinous 
luster. 
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Greenockite is found crystallized in Henfrewshire, Scotland, 
and, associated with sphalerite, at the Bohemian locality and in 
Pennsylvania and Missouri. 

It is mined for cadmium with the sphalerite. 

Millerite (capillary pyrites) NiS 

Millerite, the eulfid of nickel, contains 35.3j^ sulfur and 64.7j^ 
nickel. 

It crystallizes in the hexagonal system but the crystals are 
rarely of sufficient size to make this apparent, the lengthening 
of the crystals producing hairlike forms which often radiate 
from a center or form a mat or wad of interwoven individuals. 
The capillary crystals are sometimes grouped in crusts of col- 
umnar or radiated aggregates as in the specimen shown in 
pi. ISj. The luster is metallic, the color a brass-yellow to 
bronze-yellow and the streak greenish black. 

Millerite occurs in cavities as at the Antwerp locality, where 
it ifi found in hematite, or incrusting as at the Pennsylvania 
deposit where it overlies pyrrhotite. It is found in Bohemia, 
Saxony and Cornwall and in the United States in Lancaster 
county. Pa. and at Antwerp, Jefferson co. N. Y. 

It is a source of nickel. 

Niccolite (copper nickel) NiAs 

Niccolite is the arsenid of nickel and contains 56.1^ arsenic 
and 43.9^ nickel; of which the arsenic is sometimes replaced in 
part by antimony or sulfur, and the nickel by a little iron or 
cobalt. 

Hexagonal crystals of niccolite are rare, the mineral usually 
occurring in pale copper-red metallic masses of smooth, impal- 
pable structure, with an uneven fracture. 

In addition to the European and South American localities, 
niccolite occurs in the United States at Lovelock Nev., Till 
Cove, Newfoundland, Silver Cliff Col., Chatham Ct. and to a very 
limited extent at Franklin N. J. 

It is mined for nickel. 

Pyrrhotite (magnetic pyrites) 

Pyrrhotite is a sulfid of iron of varying percentages of sulfur 
and iron and often containing nickel. 
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It is rarely found in distinct hexagonal crystate of tabular 
habit, the most common form of occurrence being as a massive 
metallic mineral of a bronze color possessing to a varying degree 
the property of attracting the magnet. It differs from pyrite, 
bornite and niccolite in color and in the magnetic property men- 
tioned above. 

Pyrrhotite occurs in gabbro and other igneous rocks and in 
schists; it is also found in meteorites. It is very widely dis- 
tributed. The principal American localities are Sudbury Can. 
and Lancaster Gap Pa. at both of which places it is mined for 
the nickel it contains. A deposit of pyrrhotite was formerly 
worked at Anthony's Nose, Westchester co. N. Y. 

Bornite (purple copper ore) 

Bornite is a sulfid of copper and iron of variable proportions, 
the massive variety being probably a mechanical mixture with 
chalcocite. The crystallized mineral seems to conform quite 
closely to the formula which gives 28.1^ sulfur, 55.5^ copper and 
16.4)< iron. 

The crystallized specimens show isometric forms with a cubic 
habit. The massive varieties have a granular to compact struc- 
ture. The mineral is characterized by a metallic luster and a 
dark copper-red, pinchbeck-brown or purple color which tar- 
nishes rapidly to iridescence. 

Bornite occurs associated with the other copper minerals in 
Cornwall (crystalline), Chile, Peru, Bolivia, Mexico and Canada 
and in the United States at Bristol Ct. and near Wilkesbarre 
Pa. 

It is mined for copper. 

Chalcopyrite (copper pyrites) CuFeSg 

Chalcopyrite is a sulfid of iron and copper in the proportions, 
35^ sulfur, 34.5^ copper and 30.5^ iron. Variations ,f rom these 
proportions are often due to pyrite mechanically intermixed in 
the massive varieties. 

The tetragonal crystals of chalcopyrite belong to the sphe- 
noidal group and when in simple, unmodified forms resemble 
isometric tetrahedral types. Modified crystals such as those 
given in fig. 166, 167, however, clearly show the true symmetry 
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of the forms. Massive occurrences are common. Chalcopyrite 
has a bright metallic luster; the color is a brass-yellow, often 
tarnishing to colors resembling bornite. 

It is widely distributed in veins and vugs in gneiss, cryatalline 
schists and other metamorphic rocks and was probably formed 





Fig. 166 Fig. 167 

Chalcopyrite 

in much the same way as pyrite, with which it is frequently 
associated. Chalcopyrite is mined in Sweden, Spain, Sudbury 
Can., Montana and Utah. Handsome specimens associated with 
quartz have been found in New York at Ellenville, Ulster co. 
Chalcopyrite is the principal source of copper. 

Pyrite (iron pyrites) FeSa 

Pyrite, the isometric form of iron disulfid, contains 53.4^ 
sulfur and 46.6;i^ iron. 

The crystals of pyrite are exceedingly interesting, showing 
as they do a diversity of form and a brilliancy of surface which 
render them objects of considerable beauty. Some of the 
forms of the pyritohedral group which are most frequently met 
with in pyrite are shown in fig. 168-72. PI. IGj shows the 
striations so common in crystals of this species. Crystalline 
masses of varied form are quite frequent, producing botryoidal, 
globular, stalactitic and other shapes. The granular massive 
varieties are common. Pyrite has a brilliant metallic luster; 
its color is a pale brass-yellow somewhat lighter than that of 
chalcopyrite. Pyrite occurs in almost every variety of rock; 
the deposits in sedimentary rocks were probably formed by the 
precipitation of the included ferruginous matter from a hot 
aqueous solution in the presence of decaying vegetable and ani- 
mal matter. 
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F^ite deposits are worked for the production of sulfuric acid 
in Loaiea county, Va., in the Hio Tint© region of Spain and in 
various other localities including one at Hermon, St Lawrence 




CO. N. Y. SometimeB gold and copper contained in small quan- 
tities in pyrite are recovered. 

Smaltite, chloanthite (CoNi)As2 
The minerals of this group pass from one to the other by such 
insensible gradations that it is often impossible to separate 
them. Smaltite is essentially cobalt diarsenid containing TLS-i 
arsenic and 28.2^ cobalt. Chloanthite is essentially nickel 
diarsenid and contains 71.9;^ arsenic and 28.1^ nickel. 

The crystals are similar to those of pyrite. The mineral 
QBually occurs in tin-white to steel-gray metallic masses. 

It occurs in veins with other ores of cobalt, nickel, copper 
and silver, notably in the Saxon and Bohemian localities. It 
is also found at Chatham Ct., Franklin N. J. and in California. 
It is the main source of the cobalt products, 

Cobaltite (cobalt glance) CoAsS 
Cobaltite, the sulfarsenid of cobalt, contains 19.3;i sulfur, 45.2^ 
arsenic and 35,5^ cobalt. 
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It resembles pyrite in crystallization and luster and is silver- 
white to gray in color. 
Like smaltite it is a source of cobalt compounds. 

Marcasite (wMte iron pyrites) FeSj 

Marcasite is the orthorhombic iron disulfld, and has the same- 
composition as pyrite. 

The dimorphism ofi iron disulfid is all the more interesting 
because pyrite represents an isomorphous group of soIfldB and 
arsenids which crystallize in similar forms of the isometric 
system, and marcasite heads a similar isomorphous group 
crystallizing in closely related forms of the orthorhombic 
system. 

Twins and crystalline aggregates are common, resembling 
spearheads, cockscombs, etc. often with radiated, stalactitie 
structure as in pi. I62. The color of marcasite is somewhat 
whiter than that of pyrite, which it closely resembles. 

Marcasite occurs in Saxony, Bohemia and England, and in the 
United States, associated with sphalerite, at the zinc mines of 
Missouri, in Wisconsin and at Warwick, Orange co. N. Y. 

It is used in the manufacture of sulfuric acid. It is also 
found in nodular concretions in the Tertiary and Cretaceous 
clays of Long Island and Staten Island. 

Arsenopyrite (mispickel) FeAsS 

Arsenopyrite is the sulfarsenid of iron and contains 46jf 
arsenic, 34.3^ iron and 19.7^ sulfur. 
Arsenopyrite crystallizes in the orthorhombic system in 

forms resembling marcasite: A common 
type of crystal is represented in fig. 173 
and a characteristic grouping in pi. 17i. 
Arsenopyrite commonly occurs in coarse 
to fine granular masses or disseminated 
Fig. 173 grains. It is silver-white to gray, with a 

Arsenopyrite metallic luSter. 

Arsenopyrite is found principally in veins in crystalline rocks 
associated with other metallic sulfids and arsenids. The 
deposits ofi New South Wales, California and Alaska occasion- 
ally carry some gold. It is found in many European localities. 





1 Ai-aeDopyriip aod dolomite, Freiberj;. Snxniiy 
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PyrargjTite is found in several German localities, in Mexico 
and Chile; also in Idaho, Nevada, Colorado and other silver 
bearing regions of the western states. 

It is mined for silver. 

Proustite (light ruby silver ore) AggAsSg 

Proustite is a sulfarsenite of silver and contains 19.4^ sulfur, 
15.2^ arsenic and 65.4^ silver. 

Proustite closely resembles pyrargyrite in crystallization as 
well as in translucency. Its luster is adamantine rather than 
metallic and it differs from pyrargyrite in the color, which 
shades more toward scarlet. The streak is scarlet. 

Proustite is found associated with pyrargyrite, the localities 
being essentially the same as for that species. 

It is a source of silver. 

Tetrahedrite (gray copper ore) CUgSbaS^ 

Tetrahedrite is a sulfantimonite of copper and contains 23.1^ 
sulfur, 24.8^ antimony and 52.1,^ copper. Some of the antimony 
is usually replaced by arsenic, which causes it to merge gradually 
into tennantite, the sulfarsenite of silver. 

Tetrahedrite crystallizes in the tetrahedral group of the 
isometric system. The crystals, two of the commonest types 





Fig. 174 Fig. 175 

Tetrahedrite 

of which are shown in fig. 174, 175, are tetrahedral in habit. 
Massive forms are frequent. The color varies from a light 
steel-gray to an iron-black; the luster is metallic. 

Tetrahedrite is commonly associated with chalcopyrite, 
massive varieties frequently forming intimate mechanical 
mixtures; crvstals of tetrahedrite are often incrusted with 
chalcopyrite. It is also associated with several other metallic 
sulfids. It is found in Europe, South America, Mexico, Nevada 
and Colorado. 
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Stephanite (brittle silver ore) AGr^SbSt 
Steplianite is a suIfaBtiuiouitc of Btlver ooiitaiuing 16.3;* sul- 
fur, 15.2jf antimony and 08.5,'^ silver. 

Oi'thorhombic crystals in sbort prisiimtic and tabular forms 
are frequently found. Tlie niincial usually occurs in fine gi-aiued 
masses of an iron-black color au<l metallic luster. Also in dis- 
seminated grains. 

Stephanite occurs in veins with otber silver oi-es, the priucipa! 
localities being those mentioned under argentite, pyrai'gyi'ite, 
etc. 

Enargite Cu^AbS, 
Enargite is a sulfarsenite of copper containing 32.0;i sulfur, 
lil.lji arsenic and 48.3;^ copper. 

Orthorbombic crystals are sonietinii-s met with ; these are jnis- 
matic in habit and striated parallel to the vertical axis. Enar- 
gite commonly occurs in columnar or granular iiiasM<«. It is 
black in color and has a metallic hister. 

Enargite is found associated with other copper minerals in 
Chile, Peru and Mexico; also in South <.'aroIina, Colorado, Utah, 
California and in the Tintic district of Montana. 
It is an ore of copper. 

HALOIDS 

OHLORIDS, BROMIDS, lODIDS, FI.UOKIDW 
Halite (rock salt) NaCl 

Halite or common salt is thi' chlorid of sodium md (.ontim^ 
39.4;^ chlorin and 60.6^ sodium. It seldom occurs ptifecth pur 
but is commonly mixed with calcium sul 
fate, calcium chlorid, magnesium chloi d 
and magnesium sulfate. 

Halite is isometric and usually cry-stalliKCs | 
in cubes (pi. ITj), which often show distortion 
and cavernous faces, as in flg. 1711. Masses 
with perfect cubic cleavage are common as 
well as a fibrous variety which is said to be Haiite 

peeudomiorpbous after fibrous gvpsum. Halite has a vitreous 
loBter and when pure is colorless and transparent; yellow, red, 
brown, blue and purple shades are due to impurities, as is alsn 
the translucency acconiimnying these variations in color. It has 
a characteristic saline taste. 
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Salt is of wide distribution and frequently occurs in beds of 
sufficient size to constitute a true rock mass. These deposits, 
which are found interstratified with rocks of all geologic 
horizons, have been formed by gradual evaporation from bodies 
of water which have been cut off from the main body of the 
ocean, or which, as in the case of Great Salt lake and the Dead 
sea, have been concentrated through lack of an outlet. The 
mineral matter is crystallized out in inverse ratio to its solu- 
bility, the less soluble minerals, such as gypsum, forming prior 
to the more soluble ones such as salt. This process is still tak- 
ing place in many parts of the world. 

Halite is of of such universal occurrence that a list of its local- 
ities would include almost every civilized country. In the United 
States extensive and valuable deposits of salt are found in 
central and western New York, in Ohio, Michigan, West Vir- 
ginia, Kansas, Louisiana, Nevada, Utah, Arizona and California. 
Salt springs and wells abound in the neighborhood of the salt 
deposits and these as well as the waters of salt lakes and sea 
waters are used as sources of the commercial product. 

Halite is used to form a glaze on pottery and in many chemical 
and metallurgic industries as well as for the familiar culinary 
and preservative purposes. 

Cerargyrite (horn silver) AgCl 

Cerargyrite, the chlorid of silver, is composed of 24.7^ chlorin 
and 75.3)^ silver. 

Isometric crystals of a cubic habit are quite rare, the mineral 
usually occurring in massive crusts or coatings of a grayish 
green to violet color and waxy or resinous luster resembling 
horn or wax. It is extremely sectile and turns violet-brown on 
being exposed to the light. 

Cerargyrite probably results from precipitation from silver 
charged solutions in contact with the chlorids contained in sur- 
face waters. It usually occurs near the top of veins in clay 
slate, associated with other ores 6f silver. Cerargyrite is found 
extensively in Peru, Chile and Mexico; it also forms part of the 
mineral wealth of Colorado, Nevada, Idaho and Utah. 

It is mined for silver. 




1 Fluorlte, Cnmberlatid. Englaud 



Fluorite, Macomb N, Y. 
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Hoorite (flnoT spar) CaF. 

Fluorite is the fluorid of calcium and contains 4S.1H' lluoriu 
and 51.1;^ calcium. 

The iBometric crystals of fluorite exhibit many interesting 
forms, some of which are shown in fip;. lT7-7!>. Ponctration 




twins are quite common (pi. IS,). The crystals are vitreous, 
transparent and of a great variety of colors, white, yellow, 
greenish blue, purple and green being most common; white, pink, 
red, sky-bine and other colored varieties are often found. Mas- 
sive varieties sometimes show irregular banding of different 
colors. Granular and fibrous occurrences are less frequent. All 
rarieties are characterized by perfect cleavage parallel to the 
octahedron, which can be frequently traced in the crystallized 
specimens, as in pi. 18j. 

Fluorite is fonod in beds, or more often in veins, in gneiss, 
slate, limestone and sandstone; it frequently occurs as the 
gangne of metallic minerals, notably lead ores. Fluorite occurs 
in many parts of England and Saxony; also in Bosiclare 111. 
where it le mined in large quantities, in Jefferson and St Law- 
rence counties, N. Y. and in several other states. 

Fluorite is used as a flux in some metallurgic processes, also 
in the production of opalescent glass, enameled cooking ware 
and hydrofluoric acid. 

Cryolite Na,AlF« 

Cryolite is a finorid of sodium and aluminium, containing 5i.4f( 
flnorin, 12.6fl aluminium and 32.S;^ sodium. 

The monoclinic crystals of cryolite frequently present a cubic 
aspect due to the fact that the ,5 angle is nearly 90° and the 
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a and 6 axes almost equal. Parallel groupings are common as 
well as massive and columnar forms. The cleavage is nearly 
cubic in angle. Cryolite is transparent to translucent; colorless 
or white, often reddish, brownish or black owing to small 
amounts of iron, and has a vitreous to greasy luster. The Ger- 
man name Eisstein (ice-etone) suggests its resemblance to ice. 
It is quite soft (H=2.5) and is readily melted in the flame of a 
candle. 

The principal locality for cryolite is Ivigtut in west Greenland, 
where it is found in a vein in gray gneiss. 

It is used in several chemical processes, notably in the manu- 
facture of aluminium. 

Atacamite GUsGlHsOs 

Atacamite is a hydrated oxychlorid of copper containing 16.6j^ 
chlorin, 14.9^ copper, 55.8^ copper oxid and 12.7^ water. 

Atacamite occurs in orthorhombic prismatic crystals, vertically 
striated. It is more commonly found in confused crystalline 
aggregates and fibrous or granular massive forms. The luster 
is adamantine to vitreous and the color bright to dark green. 

Atacamite takes its name from the Atacama desert in 
northern Chile where it is found associated with other copper 
ores; it is also found in Bolivia, South Australia, Cornwall and 
Arizona. 

It is an ore of copper. 

OXIDS 

OXID OF SILICON 

Quartz SiOs 

Quartz is pure silica or silicon dioxid (53.3^ oxygen and 46.7^ 
silicon). It is often colored by small amounts of iron oxid, man- 
ganese, titanium carbon, etc. 

Quartz crystallizes in the rhombohedral-trapezohedral group 
of the hexagonal system; the crystals are commonly prismatic 
with the prism faces striated parallel to the basal plane and are 
terminated by one or both rhombohedrons together with other 
modifications characteristic of the group. Distortion gives rise 
to flat and unequally developed forms of great variety as well 
as acicular, tapering and twisted individuals. Grouping of 
crystals in parallel position, " scepter," " phantom," and capped 
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forms are of particular interest from a erystallogi'aphic poiut 
of view. Twinning ocenrs quite frequently. Massive forms 
occur in great variety with granular mammillary stalactite and 

concretionary atructure, plane or banded. 
Quarts has a vitreous luster in the crystallized varieties which 

pa^aes^ in the massive forms, to greasy, splendent or dull. 






Fig. 180 



Fig. 181 





Fig. 182 



Quartz 



Fig. 183 



When pure, quartz is transparent and colorless with a white 
streak; various shades of yellow, red, brown, green, amethyst 
and black are due to slight impurities. 

A CRYSTALLINE VARIETIES 

Kock crystal. Pure, colorless 

Amethyst. Purple to violet. Color probably due to manganese 

Bose quartz. Pink to rose. Colored by titanium 

Smoky quartz. Smoky brown to black. Color probably due to 

carbon 
Milky quartz. Translucent white. Usually massive 
Ferruginous quartz. Opaque brown to red. Colored by iron 
Aventurin. Spangled with scales of mica, hematite etc. 
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B CRYPTOCRYSTALLINE VARIETIES 

Chalcedony. Mammillary. Uniform in tint 
Carnelian. A clear, red chalcedony 
Chrysoprase. Apple green. Color due to nickel 
Prase. Dull, leek-green 

Agate. A variegated chalcedony. Colors are banded, irregu- 
larly clouded or in mosslike dendritic forms 
Onyx. Parallel layers light and dark 
Jasper. Impure, opaque. 

Quartz occurs as a constituent of many rocks such as granite, 
gneiss, quartz porphyry, syenite, sandstone, etc. and as a vein 
mineral in rocks of all geologic horizons. Its distribution is so 
extensive as to preclude its limitation to any given area. Quartz 
rocks are extensively used for building stone; chaicedonic 
varieties are often polished for ornamental objects and massive 
varieties are ground and used in the manufacture of sandpaper, 
glass and porcelain and as an acid flux in some metallurgic 

processes. 

Opal SiO^-nH^O 

Like quartz, opal is composed of Silica or silicon dioxid, but 
contains from 5^ to 12^ water. 

Opal shows no evidences of crystallization and is therefore 
considered amorphous. It occurs in transparent to translucent 
milky white or red masses and veins, often characterized by 
internal reflections and rich play of colors; in waxy masses 
yellow, red, brown, green, gray or blue in color; in opaque, 
porous, brittle stalactitic masses deposited by geysers and hot 
springs and in earthy varieties. 

VARIETIES 

Precious opal. Exhibits play of color. Used as a gem 

Fire opal. Ked, firelike reflections 

Common or semiopal. In part translucent with greasy luster 

Wood opal. Pseudomorphous after wood 

Hyalite. Colorless, transparent, droplike masses 

Geyserite. Porous opal, deposited from hot water carrying 

silica 
Tripolite. Massive, chalklike silica composed of the remains of 

diotomes. 
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Opal occurs in cavities and fissures in igneous rocks, as con- 
cretions in limestones, as sinter in the vicinity of geysers, hot 
springs, etc. The precious variety is found in Hungary, Aus- 
tralia, Mexico and in Washington and Idaho. 

Precious opal is highly valued as a gem. The chalky variety 
is used for polishing and washing purposes, in the manufacture 

of dynamite and in the preparation of a soluble glass. 

OXIDS OF METALS 

Cuprite (red copper ore) CUoO 

Cuprite is the oxid of copper and contains 11.2;^ oxygen and 
88.8;^ copper. 
Crystals of cuprite (fig. 184, 185) are isometric, the prevailing 





Fig. 184 



Fig. 185 



Cuprite 



forms being the cube, octahedron and dodecahedron, often 
highly modified; in the variety chaleotriehite the cube crystals 
are distorted to such an extent as to produce hairlike forms 
^pl. 2O2). Massive, granular and earthy forms are common. The 
luster of cuprite is submetallic or adamantine to earthy and 
the color varies from a dark red which is nearlv black to a 
vermilion or scarlet, seen in some of the massive varieties. It 
is transparent to opaque. 

Cuprite results from the oxidation of the sulfids of copper and 
is found associated with other copper minerals and with 
limonite. It occui'S in fine crvstals in the Cornwall mines and 
is found in considerable deposits in Chile, Bolivia, Peru, the 
Lake Superior region and Arizona. 

It is a useful copper ore. 
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Zincite (red zinc ore) ZnO 

This oxid of zinc contains 19.7;^ oxygen and 80.3^ zinc; it 
usually carries some manganese. 

The natural crystals, which are rare, have been referred to 
the hemimorphic group of the hexagonal system. Zincite ordi- 
narily occurs in deep red to brick-red adamantine masses with 
a foliated or granular structure or as coarse grains dissemi- 
nated through the matrix. It has a subadamantine luster and 
is translucent. 

Zincite occurs in the vicinity of Franklin N. J. associated with 
the minerals characteristic of that locality and is mined with the 
associate minerals for the zinc which it contains. 

Corundum (emery) AlgOg 

Corundum is alumina, or sesquioxid of aluminium, and con- 
tains 47.1^ oxygen and 52.9^ aluminium; massive emery contains 
more or less iron oxid as an impurity. 

Crystals of corundum are rhombohedral (fig. 186, 187); rough 





Fig. 186 



Fig. 187 



Corundum 



and rounded forms are characteristic, as well as twinning, 
which is indicated by laminated structure and intersecting 
striations. With the exception of the diamond, corundum is 
the hardest substance known. 

The precious varieties known as sapphire and ruby are trans- 
parent or translucent, with vitreous to adamantine luster, 
and abound in fine colors. 

The gems cut from these varieties are: 

Sapphire. Blue in color 

Oriental ruby. A rich red 
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Oriental topaz. Yellow 

Oriental emerald. Green 

Oriental amethyst. Purple 

An opaque variety of corundum occurs in coarse nodular 
crystals with a marked rhombohedral parting and of a dull 
blue, gray, brown or black color. 

The variety known as emery is granular in texture, of great 
toughness and black or grayish black in color. It is commonly 
intermingled with hematite or magnetite. This variety, which 
is of great value as an abrasive, is found in a number of grades, 
classed on the relative coarseness of the corundum crvstals or 
grains. 

The gem varieties of corundum are found in the gravel of 
river beds in Upper Burma and Ceylon; some handsome gems 
have been obtained from Montana and North Carolina. 

Comndnm occurs in manv crvstalline rocks associated with 
minerals of the chlorite group, tourmalin, spinel, cyanite, etc. 
and has been observed in some of the younger volcanic rocks. 
It is mined for emery in the island of Naxos, in Asia Minor, and 
in the United States at Chester Mass., in Westchester county, 
N. Y. and elsewhere. 

Hematite (specular iron) FCoOs 

Hematite is the sesquioxid of iron and contains 30;^ oxygen and 
lOjliron. 

Hematite crystallizes in the rhombohedral group of the 
hexagonal aystem. The crystals are commonly thick or tabular 
m habit (flg. 188) as distinct from the 
tapering forms of corundum, and are 
often reduced to thin plates which in 
some varieties group themselves in 
rosetteB (ei«enrosen pi. 21i). Massive 
forms, in compact columnar, radiated and 
kidney-shaped masses pass into loose 
earthy varieties, containing more or less 

Fi? 188 

clay. The luster of hematite varies with Hematite 

its form from a splendent metallic, in the crystallized varieties, 
to dull in the ocherous and argillaceous hematite; the color also 
varies from iron-black to red. The streak is red in all varieties. 
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Hematite occurs in rocks of all geologic horizons. It is 
widely distributed and the numerous foreign localities afford 
beautifully crystallized specimens. In the United States vast 
beds of hematite are found in the Archaean rocks of northern 
Michigan, northern Wisconsin, Minnesota, Miesonri, and in Jef- 
ferson and St Lawrence counties of northern New York; also in 
the Clinton group of the Upper Silurian in New York and 
Pennsylvania.! 

Hematite constitutes the chief source of iron; the earthy 
variety is ground for paint. 

Ilmenite or meuaccanite (titanic iron ore) (¥0,11)^0^ 
Ilmenite is an oxid of iron and titanium containing 31.6^ 
oxygen, 31.6^ titanium and 36.8^ iron. The crystals, which are 
trirhombohedral, somewhat resembles those 
of hematite in habit (fig. 189). Ilmenite 
commonly occurs in iron-black plates and 
masses of submetallic luster, also in em- 
bedded grains or as loose sand. 

Ilmenite is found in many igneous rocks 
notably in gabbros and diorites; it is some- 
times altered to limonite and titanite. In addition to several 
European localities ilmenite is found in the town of Warwick, 
Orange co, N, Y. and at Litchfield Ct. 

The large amount of fuel required to reduce this mineral 
renders it, in most cases, undesirable as an ore of iron. It is, 
however, used as a lining in furnaces. 

Spinel T!llgO.AlJ)^ 

Spinel, the magnesium aluminate, contains 
71.8;^ alumina and 28.2^ magnesia. These two 
components may be replaced in part by ferrous 
and ferric iron, manganese and chromium. 

The crystals of spinel are isometric, usually ^p'"*' 

the octahedron or the octahedron modified, and are frequently 
twinned (fig. 190). The luster is vitreous to dull and the color 
varies from red to blue, green, yellow and black. A transparent 
variety called ruby spinel is transparent to translucent and 
often of a rich red color. This constitutes the gem known as 

'N. Y. state mus. BqI. 7. 1889. 
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spinel ruby or balas ruby, which often rivals the oriental ruby 
in color and fire. 

Spinel occurs in limestone, gneiss, serpentine and other 
metamorphic rocks. Spinel ruby is abundant in Ceylon and 
Burma and has been obtained from Hamburg N. J. and Orange 
county, N. Y. Crystals of spinel are found in many parts of 
North Carolina and Massachusetts and near the boundary line 
between New York and New Jersey. 

Magnetite (magnetic iron ore) FeO.FeoOs 

Magnetite is composed of iron sesquioxid and iron protoxid 
and contains 72.4^ iron and 27.6^ oxygen. 

Magnetite crystallizes in isometric forms closely resembling 
those of spinel. Parting parallel to the octahedron is often 
deyeloped {see specimen from Mineyille N. Y. 
in N. Y. state mus. collection). Massiye 
varieties haye laminated, coarse or fine 
granular and compact structure (pi. 43). 
Magnetite has a metallic or submetallic 
luster, is black in color and is strongly 
magnetic. A variety known as lodestone is 
a natural magnet (pi. 2I2). Magneute 

Magnetite occurs mostly in crystalline rocks and is of uni- 
Tersal distribution. Extensive beds are found in the Archaean 
formation of northern New York and in the Adirondack region, 
as well as in Saratoga, Herkimer, Orange and Putnam counties 
of the same state,^ the former deposits being to a considerable 
extent titaniferou«. 

Magnetite is extensively mined for iron. 

Franklinite (reMnZn)0.(FeMn)203 

Pranklinite is an iron, zinc and manganese ferrate and man- 
ganate of rather complicated formula and varying relative 
quantities. 

The isometric crystals of franklinite are octahedral in habit 
and are generally characterized by rounded edges, otherwise 
they resemble those of magnetite. Franklinite also occurs in 
rounded grains and in compact masses. In color and luster it 

*N. Y. state mus. Bui. 7. 1889. 
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closely resembles magnetite and is chiefly distinguished by its 

slight tendency to attract the magnet and by its characteristic 

association with zincite and willemite at Franklin and Ogdens- 

burg N. J. its most notable localities. 

It is used at Franklin with other ores for the production of 

zinc and of an alloy of iron and manganese known as 

spiegeleiseu. 

Chromite (chromic iron) FeCCigOa 

Chromite, the iron chromate, contains 68^ chromium sesqui- 
oxid and 32^ iron protoxid. 

Chromite is rarely found in small octahedral crystals. It 
commonly occurs as a black massive mineral resembling massive 
magnetite, sometimes in disseminated grains and sand. It is, 
in some instances, feebly magnetic. 

It occurs in veins or embedded masses in serpentine and may 
often be recognized by its association with that mineral. 

Turkey and New Caledonia furnish much of the chromite now 
used. A somewhat lower grade ore is found in extensive 
deposits in California. 

Chromium extracted from chromite is used in the production 
of several pigments, in the manufacture of bichromate of potash 
for calico printing and for chrome steel. 

Chrysoberyl BeCAlgOg 

Chrysoberyl is the aluminate of beryllium and contains 80.2^ 
alumina and 19.8;^ glucina. 

The crystals of chrysoberyl, which are orthorhombic, are com- 
monly twinned producing pseudohexagonal shapes which some- 
times show reentrant angles. The crystals are generally tabular 
in habit with intersecting, featherlike striation due to repeated 
twinning. Chrysoberyl is transparent to translucent, of a vit- 
reous luster and of various colors from a pale yellowish green 
to emerald-green. The variety alexandrite is of an emerald-green 
color by reflected light which, however, changes to a columbine- 
red by transmitted light. 

Brazil, Ceylon, Moravia and the Ural mountains of Russia pro- 
duce chrysoberyl. It has been found at Haddam Ct. and at 
Greenfield N. Y. 

Chrysoberyl is used as a gem, the varieties alexandrite and 
cat's eye being specially prized. 



1^ 
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Cuaiterite {stream tin) SnO^ 
Cassiterite m the dioxid of tin containiDg 21.4,'^ osj-^en and 
78.6;^ tin. 

Tetragonal crystals of the general type shown in flg. 192 are 
terminated wltb a low prramid. Forms of prismatic habit 
with steeper and more complicated terni- 
inationa are also characteristic, and twins 
similar to the form Hhown in pi. 22, are " 
quite common. Beniform masses and rouudi d ; 
pebbles with fibrous radiated strnctni c 
(atream tin) are of conimon occurrence. The I 
loBter of cassiterite is adamantine and in the 
case of crystallized varieties is usnally splend 
ent; the color is brown or black, sometimes 
red, grey or yellow, and the streak is biown 

Cassiterite occurs in veins traversing granite, gneiis ind other 
igneoQB and metamorphic rocks. It is found abundantly in Corn 
wall and other parts of England, in Bohemia, Saxony, East 
Indies, Auatralia, Bolivia and Mexico; aleo in the United States 
in South Dakota, California and other states. 
Castdterite is the sole source of tin. 

Entile (nigrin) TiOj 
Bntile is the dioxid of titanium and contains iO^ oxygen and 
flOjf titanium. 

In crystallization rutile closely resembles cassiterite (flg. 103). 
The crystalB are prismatic in habit, often passing into acicular 
and hairlike forme which are vertically striated 
and are sometimes included in quartz and other 
minerals. Twinning, resulting in knee-jointed 
crystals and rosettes (pi. 222), is quite common. 
Bntile is occasionally found in compact masses 
which carry some iron. The luster of rutile is 
rather more brilliant and metallic than cassiter- 
''*■ "* ite and may bo described as metallic-adamantine; 
in color it varies from brownish red to nearly black and when 
seen by transmitted light in transparent varieties it is deep red. 
Bntile occnrs in granite, gneiss, syenite, mica, slate and some- 
times in the limestones; it is frequently embedded in other 
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minerals and is of common occurrence as grains or fragments in 
many gold-bearing sands. It is found in many parte of Europe 
and also in Maine and Georgia, at Magnet Cove Ark. and in 
Orange county, N. Y. 

Rutile is chiefly used to color porcelain and may serve as a 
source of titanium. 

Octahedrite. Octahedrite is a tetragonal mineral of the same 
composition as rutile but differs slightly from it in 
crystallization. 

Brookite. Brookite is an orthorhombic form of titanium 
dioxid closely related to the two foregoing minerals. 

Pyrolusite MnOg 

Pyrolusite is the dioxid of manganese and contains 36.8^ 
oxj'gen and 63.2^ manganese. 

Pyrolusite commonly occurs in columnar masses which fre- 
quently radiate from a center; also in fine grained massive 
stalactitic and dendritic forms (pi. 82), in layers interposed with 
psilomelane and in velvety, reniform crusts. It is black in color 
and so soft (H-1-2.5) that it leaves a black mark on paper. The 
luster is metallic or dull. 

Pyrolusite occurs associated with psilomelane, hemattte^ 
limonite and manganite. It is found in central Europe, India, 
Australia and Cuba; deposits occur in the United States in 
Virginia, Georgia, Arkansas, California, Vermont and North 
Carolina ; New Brunswick and Nova Scotia furnish a high grade 
material. 

Pyrolusite is used in the manufacture of various useful alloys^ 
as an oxidizing agent in the manufacture of chlorin, bromin and 
disinfectants and in calico printing, glass coloring, etc. 

GotMte FCgOg.HaO 

Gothite is a hydrated sesquioxid Of iron and contains. 27^ 
oxygen, 62.9;^ iron and 10.1^ water. 

The orthorhombic crystals of gothite are prismatic in habit, 
striated in the direction of the vertical axis and often flattened 
in the direction of the brachyaxis into scales. Needlelike 
crystals grouped in radiating or parallel position pass into mas- 
sive featherlike structure and reniform and stalactitic forms. 
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The luster is adamantine and the color yellowish, reddish and 
blackish brown. 

Gothite occurs with other oxids of iron specially hematite 
and limouite and is classed commercially with limonite under 
the name of " brown hematite." It is an ore of iron. 

Manganite Mn^Og.HsO 

Manganite is a hydrated sesquioxid of manganese containing 
27.3^ oxygen, 62A^ manganese and 10.3;^ water. 

Manganite occurs in orthorhombic crystals usually prismatic 

with deeply striated or grooved surfaces; these are frequently 

grouped in bundles giving the appearance of sheaves of rods 

(pi. 23i). It is rarely found in massive granular or stalactitic 

forms. The luster of manganite is submetallic and the color 

gray to black. 

Manganite occurs associated with other manganese minerals 
which commonly result from its alteration. 
For uses see Pyrolusite. 

limonite (brown hematite) 2Fe203.3H20 

Limonite is a hydrated sesquioxid of iron differing from 
gothite in the relative amount of iron sesquioxid and water; 
it contains 25.7j^ oxygen, 59.8^ iron and 14.5;^ water. The 
ocherous varieties often contain clay or sand. 

Limonite does not occur crystallized. It is commonly found 
in mammillary, botryoidal or stalactitic masses grading into 
loose and porous bog ore and earthy and concretionary masses. 

The compact variety has a black varnishlike surface and 
fibrous radiated structure (pi. 282). The forms of looser struc- 
ture are characterized by a dull luster and range in color from 
brown to yellow. The streak of limonite is brown. 

Limonite is formed from the decomposition or alteration of 
other minerals containing iron; thus the bog ore is deposited 
in a marshy place by streams carrying iron in solution which 
iB oxidized, sinks to the bottom, and in time by the combined 
action of heat and pressure is transformed into a bed of 
limonite. 

Limonite is found in Bavaria and other parts of Germany, in 
Scotland, Sweden, etc. It is mined from large deposits in 
Virginia, Alabama, Pennsylvania, Michigan, Tennessee and 
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Georgia and in Dutchess and Columbia counties, N. Y.^ It is 
also found in Richmond co. N. Y. 

Limonite is an abundant but low grade ore of iron; the ocher- 
ous varieties are ground for paint. 

Bauxite AISO3.2H2O 

Bauxite is a hydrous aluminium sesquioxid containing 73.9^ 
alumina and 26.1^ water. The aluminium is often replaced in 
part by iron. Bauxite occurs in disseminated, rounded grains 
and in oolitic, spongy or claylike masses; sometimes fine grained 
compact. The luster is dull and the color varies from white 
when pure to red, yellow, and brown for the iron-bearing 
varieties. 

Bauxite is found at Baux and elsewhere in France; also in 
Arkansas, Alabama and. Georgia. It is the chief source of 
aluminium and is used in* the manufacture of alum. 

Brucite MgCH^O 

Brucite is the magnesium hydrate and contains 69^ magnesia 

and 31^ water. 

The crystals are rhombohedral and tabular in habit. The 

mineral is of more frequent occurrence in translucent foliated 
masses and in fibrous forms. The luster is pearly or waxy to 
vitreous and the color white, gray, bluish or green. 

Brucite occurs in serpentine and limestone associated with 
other magnesium minerals. It is found at Hobokeu N. J., at 
Brewster, Putnam co. and in Richmond and Westchester coun- 
ties N. Y.; also at Texas Pa. 

Gibbsite Al^Og. SHjO 

Gibbsite is an aluminium hydrate containing 65.4^ alumina 
and 34.6^ water. 

It is rarely found in six sided monoclinic crystals, but usually 
occurs in mammillary crusts and stalactitic shapes (pi. 24^) 
which sometimes show an ill defined, fibrous, internal structure. 
The color is commonly white or nearly white but may be grayish, 
greenish, reddish or yellow; the luster is subvitreous. The 
mineral is found in small deposits, often associated with limon- 

^N. Y. state mus. Bui. 7. 1889. 
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ite, at fiichmond Mafis., with the bauxite of Georgia and Ala- 
^ama, and in Dutchess and Orange counties, X. Y. 

^^ il an ore of aluminium but has not been found in sufficient 
9flantfties to render it of much importance. 

Pdlomelane (black hematite) 

^silomelane is a hydrous manganese nianganate of somewhat 

^nbttel GOmpoflition and usually yerr impure. 

E^silomelane does not occur crystallized. It is found in black 

dar): gray, botryoidal, reniform or stalactitic masses with a 

^metallic or dull luster. 

[t ki commonly associated with pyrolusite in alternate layers 

i is found in many localities given for the latter mineral. It 

Bipplied to the same uses as pyrolusite. 

OXYGEN SAL.TS 

CARBONATES 

Ihe anhydrous carbonates form two distinct isomorphous 
oups, one of which is distinguished by rhombohedral crystal- 
le forms of singularly close relation in the various species 
lich form the group; this is named from its most prominent 
^mber the calcite group. Similarly the orthorhombic forms of 
stgonite are closely related crystallographically to those of the 
ber carbonates in the aragonite group. 

Calotte (calcareous spar, limestone) CaCOs 

Calcite is the carbonate of calcium and contains 44fr^ carbon 
ozid and 66jl lime. 

Calcite crystallizes in the rhombohedral class of the hex- 
JTonal system, the great variety and beauty of its crystals mak- 
tg it an object of interesting study to the novice as well as to 
:ie trained mineralogist. The unit rhombohedron shown in fig. 
94 is an important form both because it is prominent in many 
arieties and because the perfect and strongly marked cleavage 
f calcite takes place in planes parallel to the faces of the unit 
hombohedron. Many varieties are scalenohedral in habit, 
rystallizing in forms similar to those shown in fig. 195-97. The 
ame " dog tooth spar " is given to this type, a specimen of 
rhich ifl shown in pi. 240. A flat rhombohedron (fig. 198) is 
rominent in the variety known as " nail head spar." 
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A steep rbomboliedron also occurs modified in many 
ways, also crystals of prismatic habit (pi. 25i). Twins are of 
common occurrence and are of several forms one of which is 
shown in fig. 199. Calcite aleo occurs massive with easy rhombo- 
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hedral cleavage, fibrous (satin spar), coarse and fine granular 
{crystalline limestone and marble), pulverulent (chalk), stalac- 
titic, etc. 

The luster of calcite ranges from vitreous in the crystallized 
varieties to dull in the limestones and chalk. It is normally 
<Jolorless or white but often red, green, blue, violet, yellow, brown 
or black from impurities. 

Calcite is readily distinguished by its characteristic rhombic 
cleavage in three directions as well as by the fact that it is 
easily scratched by a knife (H. 3) and that a drop of dilute hydro- 
<jhloric acid will cause it to effervesce violently. 




■i Calclte, Rossie N. Y. 
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Calcite is probably the most widely distributed miDeral. 
Grreat beds of limestone are found among the rocks of nearly 
^very geologic horizon. Calcite also occurs as a vein mineral, in 
tlie form of stalactites and stalagmites in caves, and as a fre- 
<lviently associated mineral with metallic ores. 

As limestone and marble, calcite is quarried to a considerable 
^:xtent in Vermont, Georgia, Tennessee, Alabama, California, 
^N^ew Tork,^ Pennsylvania and Massachusetts. Calcite in the 
^orm of limestone and marble is extensively used as a building 
B"tone; it is also burnt for quick lime, Portland and other cements 
nd is of value as a flux for certain silicious ores. Certain 
sirieties are used for lithographic stone, and the colorless, trans- 
^rent variety is employed in optical apparatus for polarizing 
ight 

Dolomite (pearl spar) (CaMg)C03 

Dolomite is the carbonate of calcium and magnesium con- 
fining 47.9;t carbon dioxid, 30.4j* lime and 21.7^ magnesia. 
In crystallization dolomite closely resembles the rhom- 
^hedral forms of calcite. It mav, however, be readilv dis- 
Lngulshed from the latter by the marked curvature of the rhom- 
ohedral faces (pi. 26i). Massive coarse or fine granular 
^rieties are distinguished with difficulty from the correspond- 
forms of calcite. 
The luster of dolomite is vitreous to pearly; the color is com- 
only white, pink or gray and less frequently rose-red, green, 
Town or black. 

Dolomite in the form of dolomitic limestone constitutes exten- 
ive strata in many geologic formations and forms a series from 
nre limestone to pure dolomite. Compact and crystalline varie- 
ties frequently occur with serpentine and other magnesium 
^Xkiinerals. 

In New York dolomite is found at Locki)ort and Niagara Falls, 
Niagara co.; at Brewster, Putnam co.; Union Springs, Cayuga 
"CO., and in many other localities.^ 

It is used for much the same purposes as calcite. 



*N. T. state mus. Bui. 15. 180(5. 
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Mag^esite MgCO^ 

Magiiesite, the carbonate of magnesium, contains 52A^ carbon 
dioxid and ^7,6^ magnesia. 

Rhombohedral crystals of magnesite are rare. It occurs 
commonly in granular, cleavable or compact earthy masses and 
as veins in serpentine. The luster is dull, sometimes vitreous 
or silky, and the color white, yellowish or grayish white and 
sometimes brown. 

Magnesite is commonly associated with serpentine, talc, 
brucite and other magnesium minerals. Much of the marble 
known as verd antique is composed of serpentine veined with 
magnesite. It is found in Quebec, Pennsylvania, Maryland and 
in several places in California and Massachusetts.. It has been 
found in the serpentine rocks of Westchester county, N. Y. 

Magnesite is used as a refractory material for the lining of 
converters, etc.; also in the manufacture of epsom salts and 
carbon dioxid for soda water. 

Siderite (spathic iron ore) FeCO., 

Siderite is the iron protocarbonate and contains 37.9ji carbon 
dioxid and 62.1^ iron protoxid (a composition equivalent to 48.2j^ 
iron). Manganese, magnesium or calcium may also be present 
in small quantities. 

Siderite is rhombohedral in cTystallization, the crystals being 
commonly rhombohedral in habit with curved faces resembling 
those of dolomite. It is characterized in massive varieties by 
the oblique rhombohedral cleavage common to this group of 
carbonates. In color siderite is mostly grayish yellow or 
brown, ranging from pale buff shades to dark brown or black. 
The luster is vitreous to pearly and the mineral in general 
resembles dolomite but is somewhat heavier and in most 
instances is distinguished by its brown color. 

Massive siderite is often formed by the action of decaying 
vegetable matter on limonite. It occurs in gneiss, mica and clay 
slate and as clay iron stone in coal formations. It is found 
abundantly in Cornwall and other English localities; also in the 
coal formations of Pennsylvania, Ohio, Virginia and Tennessee, 
at Hudson and Burden, Columbia co. and at Antwerp, Jefferson 
CO. X. Y.i Siderite supplies a little over 1^ of American iron ore. 

^N. Y. state mus. Bui. 7. 1889. 
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Bhodochrosite MnCOg 

Rhodochrosite is a manganese carbonate containing 38.3j^ 
carbon dioxid and 61.7ji manganese protoxid. 

It occurs occasionally in rhombohedral crystals similar in 
shape to those of dolomite but more frequently in vitreous or 
pearly masses of pink to brown color with a marked rhom- 
bohedral cleavage; less frequently in globular and botryoidal 
forms with columnar structure or incrusting; granular or com- 
pact masses are common. 

Rhodochrosite is often found associated with gold and silver 
ores notably at Butte Mont., in Nevada, Colorado and elsewhere. 
As yet it has no commercial value. 

Smithsonite (dry bone ore) ZnCO., 

Smithsonite is a carbonate of zinc containing 35.2ji carbon 
dioxid and 64.8ji zinc protoxid. Small amounts of copper, 
cadmium, etc. frequently produce marked differences in the 
color. 

Distinct crystals of smithsonite of rhombohedral form are of 
quite rare occurrence. It is commonly found in reniform, 
botryoidal or stalactitic masses, often with a drusy surface. 
It occurs also in spongy, granular and earthy forms. The luster 
is vitreous to dull and the color normally white or light in shade 
but often highly colored by impurities. The common variety of 
smithsonite resembles calcined bones, as indicated by the name 
given to it by miners. 

Smithsonite is essentially a secondary product formed from 
other zinc ores by the action of carbonated waters. It is found 
in veins and beds associated with other ores of zinc as well as 
those of lead, copper and iron. It is found abundantly in this 
country in the zinc regions of Missouri, Virginia and Wisconsin. 

As an ore of zinc smithsonite is highly valued on account of 

the ease with which it is reduced. The deposits are now nearly 

exhausted. 

Aragonite CaCOg 

Aragonite, which is a calcium carbonate, has the same com- 
position as calcite but differs from the latter in crystallization. 
The crystals of aragonite are orthorhombic, sometimes pris- 
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iiiiilir ill tijiliit (llj:. L'iMli with Hcutf terminations (domes andp;rra- 
iiiidNi nliii'li iiiri't;!- into nidiiitiuR nci'dlelike forms (pi. 26J. A 
lu'iiiiiiii;;. wliirit in iliai'iK'tei-iHtic of this groap of eatbonaies, 
|ii'iiiliici's ]ii'iMiiiiili<- fiii-iiiK whicL smnowhat resemble hexigonal 
IniKiiis (tl<;. Jtil, {il. :'7,i. StiilnctitJc incroBtiag, colnmQU aad 
<-<i]'iillik.' fiiniiM i|jl. S,l ;il)iO occur. The preyailing color ll.lrtite, 
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AragoDlte 

wliirli shiidi'H to violet, yellow and pale green ia some varieties; 
Mie liiNlei- iH vitlTons. 

rr,vHliilli/.ei1 YurieticH may be distingnished from oalcite bf 
till' (iilTiTi'iice ill form bnt masBirc specimens can onlj be deter 
iniiK'il li.v I'li'iiviice and optical tests. Aragonite is formed in 
iiiiteli I Ik' siiiiie way as calrite, but is of far less common ocW' 
leiiri-. II in ofli'n found associated with g^psam and serpentine 
mill Willi irini ore as tlos ferri (pi. 8J. In the United Btatee 
iiriipiiiile ix Tontid in several localities in California, in Gonnecti- 
eiil, llliiiiiis. MisHonri, New Mexico and PennsylTania and in 
Niiit;arii, Orange and ^ladiaon counties, N. Y. 

Witherite BaCO, 

>>'illiei'ile Ik a liariiim carbonate containing 22.3<t carbM) 
ilioxiil iiiiil 77.7'. haryla. 

Tliniifili willici-ite is orthorhombric in crystallization sinsie 
i'r,iiiliilH are practically unknown; twinned forms resembliDe 
II iicrieH iiT liexiiKoiial pyniniids 8n[>erposed are cbaracteriBtic 
(pi. ^7,,), II alHii iict'urs massive in columnar or granular 
nii'iU'liire. Tile hiMter is viiit'oHs and the color white, gray"' 
.V'IIowIhIi. 
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Witherite is miniH] at Fallowttcid Eiij:. Small dcpositft of The 
mineral occur Dear Lcxiiijttoii K,v. iiiiil at Thnudcv bay, Lake 
Sapetiot. 

It i8 need aB an adulteraut of wliite li-ad and in tlie refining 
of beet sugar molaBBes. 

Stroiitiaiiite SrCO^ 

Strontiaiiite, the carbonate of strontium, contains 20.9;^ carbon 
diozid and 70.1;^ strontia. 

Distinct orthorhombic crystals are ([uite rare. Radiated, 
apear-shaped or acicular crystalline aggregates are common; 
also dripmiiar, fibrous and granular masses. The luster of 
sirontianite is vitreous and the c<)lor is white, iiinkish or 
greenidh. 

Striwtianite is found in Xew York at or near Sclioharie, Scho-, 
harie CO., Clinton, Oneida co. and in several localities in JeEfer- 
soD county. 

It 18 an important source of strontium compounds used in 
the manufacture of fireworks. 

Cenusite {white lead ore) PbCO, 
Cernasite, the carbonate of lead, contains lij.B^ carbon dioxid 
and 83.5;( lead oxid. It sometimes carries a little silver. 
The crystals of cerussite are orthorhombic, often of tabular 




habit, flattened parallel to the « and c axes as in fig. 202; the re- 
peated twinning of this type yields six rayed forms as shown in 
fig, 203, Crystals of prismatic and pyramidal habit are also fre- 
quent. Clusters of interlaced fibrous crystals pass into silky 
aggregates and masses (pi. 28,). Granular, compact or earthy 
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masses are common. Distinct individual crystals are commonly 
transparent with an adamantine luster and are colorless or 
white. Massive varieties are translucent to opaque and have 
a silky luster which in the earthy forms is nearly dull. The 
color is white, gray or grayish black. 

Cerussite occurs with other lead minerals and results from 
the alteration of galena by the action of water charged with 
carbon dioxid. It is found in many parts of England and in 
central Europe; also in Pennsylvania, Virginia, North Carolina 
and in Wisconsin and other lead regions of the northwestern 
states and in Colorado and Arizona. 

It is mined for lead and silver and is used in a direct process 
for the production of white lead. 

Malachite (green carbonate of copper) CUCO3. Cu(OH)„ 

Malachite is a basic carbonate of copper and contains 19.9^ 
carbon dioxid, 71.9;^ copper oxid and 8.2^ water. 

Distinct monoclinic crystals are rare. The mineral commonly 
occurs in bright green masses and crusts of botryoidal surface 
and radiating, silky fibrous structure, showing a banding of 
light and dark green. It is also found in stalactitic forms and 
earthy masses. The luster is adamantine, silky to dull, and the 
color bright to dark green. 

Malachite is formed by the action of water charged with car- 
bon dioxid on other copper minerals. Large deposits are 
found at Bisbee Ariz, and adjacent regions. It is also found to 
a considerable extent in Siberia, Chile and Australia and ifi of 
frequent occurrence in all deposits of copper ore. 

It is a source of copper and is frequently polished for orna- 
mental objects. 

Azurite (blue copper ore) 2CUCO3. Cu(0H)2 

Azurite is a basic copper carbonate differing slightly from 
malachite in composition. It contains 25.6^ carbon dioxid, 69.2j^ 
copper oxid and 5.2;^ water. 

Azurite occurs in monoclinic crystals of varied habit and often 
highly modified. Massive forms sometimes show columnar 
structure. As an incrustation it often has a velvety luster. It 
has a vitreous luster and is distinguished by its characteristic 
blue color. 
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It is formed in the same wav as malachite and occurs asso- 
ciated with it at the localities named under the latter mineral. 
Aznrite is an ore of copper. 

SILICATES 

The members of this division are mainly important as rock- 
forming minerals. They are oxygen salts in which silicon is 
present as the acid element and are classed according as they 

are salts of disilicic acid (HgSigOg), polysilicic acid (H^SisOa), 
metasilicic acid (HaSiOg) or orthosilicic acid (H4Si04) into 
disilicates, polysilicates, metasilicates, orthosilicates. 

Subsilicates represent a group of basic silicates having a lower 
oxygen ratio than the foregoing. 

Disilicates, polysilicates 
Feldspar gproup 

For many reasons the feldspars are considered the most 
important group of minerals in the large division of the silicates. 
They form an essential constituent in a number of rocks such as 
granite, syenite, gneiss, etc. which are of primary importance 
as building materials and are largely quarried in all parts of the 
world. As a group of minerals the feldspars present several 
general characteristics which unite them in close relation to 
each other. 

1 Crystallizing in the monoclinic and triclinic systems, the 
feldspars agree closely in crystal habit, prism angle and methods 
of twinning. 

2 They are characterized by two easy cleavages inclined to 
one another at an angle which is close to 90°, the cleavage sur- 
faces being smooth and of high polish. 

3 In hardness they vary between the comparatively close 
limits of 6 and 6.5. 

4 They range in color from clear and colorless through white, 
pale shades of yellow, pink or green, to less common dark gray 
tints. 

5 The feldspars are silicates of aluminium and some other 
base, commonly potassium, sodium or calcium, less frequently 
barium. 
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Orthodaie ( potaah feldspar) TTAisi n 

«»!•'' In M-ias** is :i -lilirar.* of aluminium antl pora.stfiam. Part of . 
rh»* pnrassiuiu is ofr.^ii ;'Hpiai***il bv rMMlinm ;riviii;£ rii*e ro a variety 
kiitiwii .IS '*«nla-»r^linrlast*. 
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Orrliuclaae 

habir. i>fre*n «>rthopli«>mbii* in a!*pei.*t from the equal developmeU^ 
of the basal pina«oi«i an*l pot*itive hemiorthodome ifigr. 205). a^^ 
often f«»un«l in the tran!*parent variety trailed adularia. 

Twin t^ystaU «>«*i*ar ignite frei^aently and are ordmarily of thr^^ 
typeji. the ^Jarlsbad, the Baveno and the Manebaeh type.^ Tlt^ 
rleavajxe of orth«)olase take* place in two directions parallel t^^ 
the ba.^1 and olinopinacoid and at an angle which is close t:^^ 
fMV'. Oleavable masse:* are qnite eommoii. Also compact no^^' 
cleavable masses resembling dint. 

The liie«ter t>f orthtK-^Iase is vitreon* or pearly and the colcwr £ ^ 
commonly riesh-red, yellowish, white or colorless; more rarel ^" 
gray or green. 

f )rthot lae^e abounds in igneous rocks and constitutes a '^^ 
impjortant element in granite, gneiss and syenite and in the fort^*^ 
of sanidine is rommon in the volcanic rocks rhyolite, trachyte ^ 
and phonolite. It is quarried in Maine. Conneetient, Massacha^' 
«ett« and Pennsylvania and at Bedford and Fort Ann N. Y. 

Onhorlase is used in the manufacture of porcelain and chin^^^ 
as a fonstituent of the body of the ware and also to produce ti"»^ 
fflazf. 



"•Thf»j**» fonns of twinnin? are illustrated by specimens and models i^ 
the r-ollection of the New York state museum. 
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Kicrocline KAlSijOg 

Microcline is a triclinic feldspar having tlu* same composition 
as orthoclase and was formerly grouped under that species. 
The crystals are so close to those of orthoclase in angle and 
habit that the unassisted eye is unable to distinguish between 
the two species. Under the polarizing microscope a character- 
istic gridiron structure is observable in a thin section of micro- 
cline. A characteristic variety called Amazon stone has a beau- 
tiful green color. In other respects the characteristics are ee^sen- 
tially the same as for orthoclase. 

Flag^oclase feldspars 

The triclinic group of minerals known as the plagioclase ft^ld- 

spars constitute a practically continuous series from pure soda 

alumina silicate in albite (NaAlSigOg) to pure lime alumina 

silicate, in anorthite (CaAlgSigOg). The intermediate species 

Jiow to be discussed are mixtures of these two molecules and 

^^ necessity grade into one another, so that in many cases no 

^J^arked division line can be drawn. If the albite molecule, 

^^AlSigOa, be represented by Ab, and the anorthite molecule, 

^'^AljSigOg, be represented by An, the albite-anorthite series or, 

'® they are usually called, the plagioclase feldspars, may be rep- 

^^ented in composition as follows: 



Albite 


Ab 


—Abe 


Aui 


Oligoclase 


Abe 


Aui — Abg 


AUi 


Andesin 


Aba 


AUi — Abi 


AUi 


Labradorite 


Abi 


AUi — Abi 


AUg 


Bytownite (rare) 


Abi 


AUg — Abj 


AUe 


Anorthite 


Abi 


AUq — An 





The plagioclase feldspars are characterized in general by a 
^peated twinning parallel to the brachypinacoid which results 
^ a series of striations on the basal cleavage surface. They 
^rm an important constituent of the igneous rocks, dacite, 
Ludesite, diorite and diabase. 

Albite (soda feldspar) 

Albite is a silicate of aluminium and sodium. 
It occurs in triclinic crystals (fig. 206) often tabular parallel 
to the brachypinacoid and usually twinned parallel to the 



'f*y 
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*-^— - r-^-'^ i.'.'.r jiv '-.n wirh 'Jift nuiijro asjm as the twinning 
•-^-^ ;*-?•- -.2- ..IX. I* :* '«'. rr ■??< -. n in piire white granolAZ' 

— i^-j-r* :? Ji ii:xT»i-za-on* '>f straight or curve<i 
..11-. 2.1 r. Tb- liet-er is virreoas or fiearlr aiL<5 
":--T : ?^~vi:li2z -i:-!':-;: white cr less •^^mmonlv binisli. 
«?i- r^'i -p rr'r^rs. of light tints: an opalescence 
.? i.ij f I'll':? i> no: iin>>>ninLon on the cleavage 

AliiTr L> fr»r*;ieriilv foand in cavities and seans 
jl:.:4 :- ^ i-i: : Mvis ind Ls frequently a matrix for suexi 

ELiL-rr-al* is I. IT 2. il 12. "c-r-rTl. •:hj:7s«>be'ryL topaz etc. Interest:- 
ini: -iTTsti's if d'/r.'::r ar»r foind at Moriah. Essex co. N. Y. 



Oligoclase (soda lime feldspar) 

OIigo«:Ias»r is a sllioa^e of alnmininm. sodinm and calcimn. 

It •l»>rs not ofc»rn o*xur orvstallized. Clearable masses are 
cLaracterizrd by the tine striations. oommon to the plagioclases? 
but particularly w»rll d^rveloped in this species. The luster is 
vitreous to pearly and the color whitish with faint tints o^ 
gray, green, red or yellow. 

It occurs with orthoclase and albite in granitoid rocks and 
in rocks of volcanic origin. Interesting crystals are found Lxi 
St Lawrence countv y. Y. 

Labradorite (lime soda feldspar) 

Labradorite is a silicate of aluminium, sodium and calciuiO- 
It is rarely found in small triclinic crystals bnt is commonly? 
in^ft with in dark gray cleavable masses which often display 
rornarkable change of color as the light is reflected from 
cUfUvage surface. The luster is vitreous to pearly and the colo::^^^ 
in g^fneral darker than that of the other plagioclases. 

Labradorite is usually associated with pyroxene and ampl 
bole in many basic rocks. It is the chief feldspar found in thi 
Adirondack region of Xew York. 

Anorthite (lime feldspar) 

Anortliil.f; is a silicate of aluminium and calcium. The tr' 
clinic crystnis of anorthito are usually prismatic in habi 
twiiin(*d, ns with albite, and colorless, white or reddish yello 
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The cleavable masses are pink or gray. Granular masses of 
a white or reddish color are common. 
Anorthite occurs in many volcanic rocks. 

MetasiUoates 

Leucite KAl(Si03)2 

Leucite is a silicate of potassium and aluminium. It crystal- 
lizes in trapezohedrons (fig. 207) and is often found in irregular 
grains disseminated through lava and volcanic 
rock. The luster is vitreous and the color light 

gray or white. 

Pyroxene group 




Fig. 207 
Leucite 



The following apecies though falling in the 

orthorhombic, monoclinic and triclinic systems, 

exhibit a marked similarity in crystal habit and 

111 the angle of the fundamental prism, which 

varies but slightly from 87°. This relation is emphasized by the 
^^ct that a more or less pronounced cleavage takes place parallel 
to thifi fundamental prism in all species referred to this group. 

Enstatite (bronzite) (MgFe)Si03 

^Ustatite is essentially a silicate of magnesium but often con- 
^^^S some iron replacing the magnesium. The iron-bearing 

7^^*iety is known as bronzite and grades into hypersthene with 

^^^eased percentage of iron. 
Enstatite rarely occurs in orthorhombic crystals of columnar 

^i>it. It is usually found in lamellar or fibrous masses, brown, 

^^y or green in color and in the variety bronzite with a sub- 

■^^tallic or bronzelike luster. 
It is frequently found in basaltic and granular eruptive rocks 

^<i is quite common in stony meteorites. It occurs at Tilly 

^^ter, Putnam co. and at Edwards, St Lawrence co. N. Y. 

Hypersthene (Mgre)Si03 

hypersthene is a silicate of magnesium and iron. With a 
^oreasing proportion of iron hypersthene grades into enstatite. 
*t*t:horhombic crystals are rare. The mineral is usually found 
^ dark green to black foliated masses, frequently showing a 
^etalloidal luster somewhat similar to that of bronzite. Hypers- 
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tlieiK* is foiiud in norit('S and other granular eruptive rocks, ^ 
series of wliicli may be found in the vicinity of Peekskill, We^^'t- 
rhester co. N. Y. 

Pyroxene (augite) 

l*yroxene is essentially a normal metasilicate of calfHom ai 
ma^nesiiiiU; also containing iron, manganese or sine and' 
times small percentages of potassium and Bodium. .Thfe: 
varieties are usually classified as nonaluminoag and alytninooB- ^- 

• ^ 







Fig. 208 



Fig. 209 
Pyroxene 



Fig. 210 



Pyroxene occurs in monoclinic crystals of prismatic habit with 
well developed terminations (fig. 208, 209); these crystals have a 
nearly scjuare or octagonal cross section composed of the faces 
of the unit prism which has an angle of 93° (nearly 90®) and the 
faces of the ortho and clino pinacoid (fig. 210). A strongly 
marked parting parallel to the basal pinacoid is very character- 
istic, and is well shown in the specimen reproduced in pl.29i. The 
crystals are often thick and short. Massive forms are grantilar, 
foliated or columnar in structure but rarely fibrous. The Ineter 
is vitreous, resinous to dull and the color usually some shade of 
green, but also white, brown, or black. 

VARIETIES 

Diopsid or malacolite CaMg(Si03)2. Usually white or pale 
green in color. 

Hedenhergite (CaFe)(Si03)2. Color grayish green to black. 

Augite. An aluminous pyroxene chiefly CaMg(Si03)2 but con- 
taining aluminium and iron. Color dark green, brownifih green 
to black. 




1 Pyruseue. Ejist lliissell N. Y. 




2 Wollastuulie 



A 
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Diallage. A foliated variety, green or brown in color. 

Pyroxene is an essential constituent of many basic eruptive 
rocks notably the diabases and gabbros. It occurs associated 
with amphibole, wernerite and the feldspars. In New York 
pyroxene occurs in handsome specimens in Orange, Westchester^ 
^ssex and Lewis counties and specially in St Lawrence county. 

Spodumene LlAl (8163)2 

Spodumene is a silicate of lithium and aluminium. 

It occurs in monoclinic crystals sometimes of considerable size 

which are characterized by a lamellar structure parallel to the 

orthopinacoid causing them to split into broad smooth plates. 

^^ the variety hiddenite the crystals are small, transparent and 

of a, yellow-green or emerald-green color. It is also found in 

cJea.vable masses. The luster is vitreous and sometimes pearly 

^^ t:he cleavage surfaces, and the color white or various shades 

^^ ^reen, pink and purple. 

Spodumene occurs in granite rocks and is readily altered. 
I^tixnense crystals are found at Branch ville Gt. The variety hid- 
^^^•^ite occurs at Stony Point N. C. 

I'he emerald-green hiddenite is used as a gem. 

Jadeite (jade) NaAl (8163)2 

Mhis is a tough translucent mineral of closely compact struc- 
t^^^E^e and of a general green color. It is chiefly notable as the 
"^^^terial from w^hich many of the prehistoric implements were 
"^^de and is still used in the East, specially in China, for orna- 
^^^^^nts and utensils. 

Wollastonite (tabular spar) Ca8i03 

^■ollastonite is a silicate of calcium, sometimes occurring in 

^^tular monoclinic crystals, but usually in cleavable to fibrous 

^^liite or gray masses. When fibrous the fibers lie in parallel 

position or are arranged in reticulated bundles of parallel 

ftlbers (pi. 29^). The luster is vitreous to silky and the color 

^hite or faint tints of gray, yellow, red or brown. 

Wollastonite is found in granular limestone and as a contact 
mineral. 
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Pectolite HNaCa^ (8103)3 

Pectolite is a silicate of sodium and calcium, and contains 
water. 

It usually occurs in radiated aggregates of needlelike crystals 
which are rarely terminated (pi. Tj). Monoclinic crystals are 
rare. The luster is vitreous to silky and the color white or 
gray. 

Pectolite is found associated with the zeolites and prehnite in 
cavities and seams of basic eruptive rocks. 

Bhodonite MnSiOg 

Rhodonite is a silicate of manganese with part of the 
manganese replaced by iron, calcium or zinc. 

The crystals of rhodonite are triclinic, tabular parallel to the 
basal pinacoid, or in forms resembling pyroxene in habit but 
with rounded edges and angles. It also occurs in cleavable to 
compact masses and in embedded grains. The luster is vitreous 
and the color commonly brownish red, flesh-red or pink, less 
frequently greenish or yellowish. 

Rhodonite occurs in the United States in Maine and Massa- 
chusetts and abundantly in the vicinity of Franklin N. J. 

Amphibole group 

This group of minerals is closely allied to the pyroxenes, 
forming as it does a series whose members are chemically 
analagous to the corresponding members of a parallel series 
in the pyroxene group. The two groups are also closely related 
crystallographically; thus a comparison of the axial ratios of 
pyroxene and amphibole brings out the fact that if the a and c 
unit intoreopts for amphibole be multiplied by 2 the result will 
approximate very closely the actual values of the correspond- 
ing intercepts for pyroxene: 

PYROXENE AMFHIBOLE AMPHIBOLK 

a:b:c a:b: c 2a:b:2c 

1.092 : 1 : 0.589 0.551 : 1 : 1 0.294 1.102 : 1 : 0.588 

Amphibole (hornblende) 

Amphibole is essentially a metasilicate of calcium and mag- 
nesium usually containing iron and manganese and also sodium 
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\ and potassium to some extent. As in the case of the pyroxenes 
the varieties are divided into nonaluminous and aluminous. 

Amphibole occurs in monoclinic crystals of prismatic habit, 
usually with an acute rhombic section and striated vertically; a 
typical section is shown in fig. 211. Some of the common types 






Eig. 211 



Fig. 212 
Amphibole 



Fig. 213 



are given in fig. 212, 213. Columnar and fibrous masses are com- 
mon, often radiated; also coarse or fine granular masses. The 
luster is vitreous to pearly and often silky. The color varies 
with different varieties but is mainly white, shades of green, 
brown or black. 

VARIETIES 

Tremolite CaMg3(Si03)4. White or dark gray in color, some- 
times transparent and colorless. Luster silky. 

Actinolite Ca(lIgre)3Si03)4. Bright green to grayish green 
in color. 

Nephrite (jade). A compact tough variety similar to the 
jadeite described under pyroxene. 

Asbestos. A fine fibrous material white, gray, or greenish in 
color, easily separated into threadlike fibers. 

Hornblende. An aluminous variety. Green, grayish green or 
black in color. 

Amphibole occurs in crystalline limestone and in granitoid 
and schistose rocks. It is an important constituent of many 
granites, syenites and diorites. Good specimens have been 
obtained in Orange, St Lawrence and Lewis counties, N. Y. 

Amphibole asbestos, which must not be confounded with the 
fibrous serpentine passing commercially under the same name. 
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is mined in California, Wyoming and Oregon. Large deposits 

also occur in North Carolina, Georgia, Pennsylvania and other 

states but these deposits are not at present worked with 

profit. 

Asbestos is extensively used for incombustible appliances and 

fabrics. 

Crocidolite (blue asbestos) 

This is a blue to green fibrous amphibole resembling asbestos. 
An altered form from South Africa has the interstices between 
the fibers filled with silica and under the name of " tiger's eye " 
is sometimes cut for a cheap gem. 

• 

Beryl (emerald) Beg Alj (8103)0 

Beryl is a silicate of beryllium and aluminium. It occurs in 
h(»xagonal crystals of prismatic habit which are often striated 
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Fig. 214 




Beryl 



Fig. 215 



verllcally and are seldom terminated (fig. 214, 215). It is also 
found in columnar or granular masses. The luster is vitreous 
and the color (Muerald-grc^n, pale green, light blue, yellowish 
while, while I0 colorless. 

Heryl is common as an accessory mineral in granite veins. It 
is also found in mica schist, clay slate, etc. Beryl occurs in 
Maine, MusHuchuHetls, New Hampshire, Connecticut, North 
Carolina, South Dakota and other states. The finest emeralds 
come from Cnited Slates of Colombia, Brazil, India, Siberia and 
Australia. A few emeralds have bec^i found at Stony Point S. C. 

Kmerald and a sky-bhu* to grcKMiish blue variety called aqua- 
uuiriiie are cut as gems. 

lolite (oordierite) 

lolite is a metasilitMite of magnesium, aluminium and iron of 
Homewhat complicated formula. 
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It occurs in short orthorhombic prisms and glassy quartzlike 
masses of a prevailing blue color which is deoiKa* in oni* direction 
and more grayish or yellowish in a direction at right angles to 
the first 

It occurs in gneiss or granite but rarely in volcanic rocks. 

Orthosilicates 

Nephelite (nephelin) E^NaoAl^Si^Os^ 

Nephelite is an orthosilicate of sodium, potassium and alu- 
minium. 

The crystals are.hexagonal-hemimorphic, prismatic in habit, 
terminated with a basal pinacoid sometiui(»s slightly modified 
by a low pyramid. The crystals are small, sometimes trans- 
parent, with a vitreous luster, and are colorless, white or faintly 
yellow. Colorless or white glassy grains are found in some 
eruptive rocks. A common variety, called elaeolite, occurs in 
indistinct crystals or masses of a i>eculiar greasy luster and red- 
dish brown or greenish in color. 

Nephelite occurs in the more basic igneous rocks as the 
product of a magma rich in soda. The crystallized variety is 
found associated with epidote and vesuvianite in lavas and other 
eruptive rocks, notably in the lavas of Vesuvius. Elaeolite 
occurs in granular crystalline rocks and is found in Maine, 
Arkansas, Texas and elsewhere. 

Cancrinite 

An orthosilicate of sodium, calcium and aluminium generally 
found in yellow to white masses associated with elaeolite and 
blue sodalite. 

It is found in the Urals, in Norway and at Litchfield and 

Oardiner Me. 

Sodalite Na,(AlCl)Al2(Si0j3 

Sodalite is a chlorosilicate of sodium and aluminium. It is 
found in bright blue to gray masses of a vitreous to .greasy 
luster, in concentric nodules resembling chalcedony and rarely 
in isometric dodecahedral crystals. 

It is formed from elaeolite and its mode of occurrence is 
similar to that mineral. 
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Hauynite Na.Ca(NaSo^,.Al)Al2(Si04)3 

Hauvnite is a sodium, calcium and aluminium orthosili( 
with some sodium sulfate. 

Hauynite occurs in glassy rounded isometric crystals 
grains of a blue to green color in igneous rocks and lavas. 

Laznrlte (lapis lazuli) Na4(NaS3.Al)Al2(Si04)3 

Lazurite is an orthosilicate of sodium and aluminium ^ 
sodium sulM. 

It occurs in deep blue masses and rarely in isometric crys 
Lazurite was formerly used as a natural pigment, producing 
deep blue color known as ultramarine; it has now been air 
entirely superseded by the artificial product of that name. 

Garnet E"3R"^(Si0j3 

Garnet is an orthosilicate of the general formula R"3 
(Si04)3 in which R" may be calcium, magnesium, ferrous i 
or manganese and R"^ aluminium, ferric iron or chromium, ra 
titanium. The varying proportions of these elements give 
to numerous varieties, the principal types of which will be 
cussed under " Varieties." 

Garnet crystallizes in the normal group of the isometric 
tem. Fig. 216-18 show the common types of crystals. It oc( 






Fig. 216 Fig. 217 Fig. 218 

Garnet 

in isolated, embedded crystals, in drusy incrustations and 
granular, lamellar and compact masses, also as rounded gri 
and in sand. 

The luster is vitreous to resinous and the color commc 
brown, red or black but also yellow, pink, white, green i 
violet. In hardness garnet ranks between quartz and corund 
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As a rock constituent chrysolite occurs in the rocks of the 
Cortlandt series in the vicinity of Peekskill, Westchester co. and 
Stony Point, Rockland co. N. Y. 

Transparent varieties of olivin are cut as gems and are 
known to jewelers as olivins or peridots. 

Willemite Zn^SiO, 

Willemite is an orthosilicate of zinc containing 72.9^ zinc oxid 
and 27.1^ silica. A considerable part of the zinc is replaced by 
manganese in the variety troostite. 

Willemite occurs in hexagonal crystals of the trirhombohedral 
class prismatic in habit. It is more commonly found in granular 
masses and disseminated grains. The luster is resinous and the 
color greenish yellow to apple-green when pure but flesh-red in 
the manganese bearing variety. 

Willemite is chiefly found associated with franklinite and 
zincite in the vicinity of Franklin N.J. where it is mined for zinc. 

Phenacite BCgSiO^ 

Phenacite is the orthosilicate of beryllium. It occurs in 
transparent hexagonal crystals, trirhombohedral, which are 
commonly small, lens-shaped and transparent and white or yel- 
lowish in color. 

It occurs with microcline, beryl, quartz and topaz and is found 
in the Urals, in Mexico and at Pike's peak Col. It is sometimes 
cut for an imitation gem. > 

Dioptase H^CuSiO^ 

Dioptase is a basic copper orthosilicate occurring in rhombo- 
hedral crystals and crystalline aggregates of a vitreous luster 
and emerald-green in color; also massive. 

Wernerite (scapolite) 

Wernerite is an aluminium, sodium and calcium chlorosilicate 
of variable composition, usually containing some soda. 

The crystals of wernerite are tetragonal, of the general type 
shown in ttg. 219, and are characterized by the low pyramidal 
termination. They are commonly coarse and thick, often with 
rounded edges and angles and with a characteristic fibrous 
appearance on the cleavage surfaces. Wernerite also occurs in 
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columnar and granular masses. The luster is vitreous to dull, 
and the color is usually gray, dull green or white, sometimes 
bluish or reddish. 

Wernerite occurs in metamorphic rocks and is abundant in 
granular limestone near the contact with granite or other igne- 
ous rocks. It is associated with pyroxene, am- 
pMbole, apatite, etc. In New York wernerite 
is found in Orange, Essex and Lewis counties 
and abundantly in Jefferson and St I/awrence 

counties. 

Vesuvianite (idocrase) 

Vesuvianite is a bafiic calcium-aluminium 
silicate of uncertain formula with some of 

Fig. 219 

the calcium replaced by manganese and wemerite 
some of the aluminium by iron. Fluorin and titanium may be 
present. 

The crystals are tetragonal, prismatic or pyramidal in habit, 
the prismatic crystals often exhibiting the general type shown in 
fig. 220. Columnar masses occur straight, radiated or irregular, 
often producing characteristic striations parallel to the vertical 

axis. The luster is vitreous to resinous and the 
color commonly brown, green or some interme- 
diate shade, rarely yellow or blue. 

Vesuvianite commonly occurs as a contact min- 
eral from the alteration of impure limestone; also 
in serpentine, chlorite schist, gneiss and other 
metamorphic rocks; in the former case it is usually 
associated with garnet, phlogopite, pyroxene, wollastonite, etc. 
It is found in Canada, Maine, New Hampshire and New Jersey 
and in Orange county and other localities in New York. 

Zircon (hyacinth) ZrSiO^ 

Zircon is a silicate of zirconium usually containing a little 
iron sesquloxid. 

It occurs in tetragonal crystals, prismatic in habit, of the 
general types shown in fig. 221-23, but sometimes pyramidal 
with the prism only slightly developed. Twins similar to those 
of cassiterite and rutile oecur. Zircon is also found in irregular 
lumps and grains. The luster is adamantine and the color 
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usually brown, reddish or gray but also col<M-less, green or 
yellow. Zircon is somewhat harder than quartz. 

Zircon occurs chiefly in granite, gneiss, crystalline limestone 
and other crystalline rocks and in alluyial dexK>sits; often in 
auriferous sands; sometimes also in volcanic rocks. Interest- 
injr specimens of zircon have been found in Orange, Essex and 
Si Lawrenct^ counties, X. Y. It is mined in North Carolina. 








^fc ti\ 



Zircon 



Fig. 223 



Zircon is the chief source of zirconium oxid used in certain 
iiicaudesceut li^ht mantles. Transparent red and brown varie- 
ties are cut as g^MUs and are known to jewelers as hyacinth, a 
terui also used in connection with garnet. 

Topai Al,,Si^O,,F^^ 

Toi^\z is an aluminium tluosilicate. 

The crystals are orihorhombic, prismatic in habit, frequently 
with complicated terminations ifig. 224, 225) and often striated 
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xcnicaUN vm the prismatic faiVs^. Thex show ^vrfeot cleavage 
l^ualhl to the Iv^so. the cleat a^^^ surfa^vs v^v^-nting beaoti- 
h\\\\ pv^Ushcd voilectiw^ plaue*v Thex arx^ usually attached and 
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are consequently rarely terminated at both ends. Topaz occurs 
also in columnar masses and rolled fragments. 

The luster is vitreous and resembles that of quartz; the crys- 
tals are colorless, yellow, reddish, bluish, faintly green or pink; 
massive varieties are often white. The hardness exceeds that 
of quartz but is not as high as corundum. 

Topaz occurs in veins and cavities in the highly acid igneous 
rocks such as granite, rhyolite, etc. and sometimes in gneiss 
and schists. It is often found in alluvial deposits with stream 
tin. It is commonly associated with fluorite, cassiterite and 
tourmalin. 

It is found in Saxony, the Urals, Japan, Brazil, Mexico; and 
in Maine, Colorado and Utah. 
Transparent varieties are cut for gems. 

Andalusite Al^SiO^ 

Andalusite is an orthosilicate of aluminium. 

It occurs in coarse orthorhombic crystals nearly square in 
cross section or in tough columnar or granular masses. The 
variety chiastolite occurs in rounded prisms which are charac- 
terized by carbonaceous inclusions symmetrically arranged with 
respect to the vertical axis; these show on a fracture, a cross 
or tesselated figure as in pi. SOj. The luster is vitreous inclining 
to pearly ; the color varies from white or light gray through light 
green or violet to rose-red or flesh-red. 

Andalusite occurs in imperfectly crystalline schist, in gneiss, 
mica schist and other metamorphic rocks. Chiastolite is com- 
monly a contact mineral in clay slates adjoining granite dikes. 
It is found in Andalusia, Spain; Brazil and in many localities 
in the New England states, Pennsylvania and California. 

Sillimanite (fibrolite) AlsSiO^ 

An orthosilicate of aluminium with the same composition as 
andalusite. It occurs in long slender orthorhombic crystals, in 
parallel groups passing into fibrous or columnar masses, brown 
or gray in color and extremely tough in tenacity. Its mode of 
occurrence is similar to that of andalusite. 
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Cyanite (disthene) Al,SiOj 
Cyanite is probably !i basic metasilicate of aluminium with 




the formula (AlO)a SiO,. r>ana, however, places it for conveui- 
ence in the group with alllimanite, to which mineral it bears a. 
doae relation. 

Cyanite is found in long bladelike, triclinic crystals which are 
rarely terminated and in coarsely hladed columnar masses usu- 
ally of a grayish blue color (pi. 2^). It cleaves easily parallel 
to the three pinafoids. The luster is vitreous to pearly and the 
color commonly blue along the center of the blades, shading to 
white on the edges ; also gray, green to nearly black. 

It occurs in gneiss and mica schist with garnet and ataurolite 
and is often associated with corundum. It is found in the cor- 
undum regions of Massachusetts, Pennsylvania, North Caro- 
lina and Georgia: it has been noted in the rocks of New York 
island. 

Cyanite is sometimes use<l as a gem. 

Datolite Ca(BOH)SiO, 
Datolite is a basic calcium and boron orthosilicate. 
It crystallizes in monoclinic forms of varied habit but usually 
short prismatic (fig. 226) and ofteu highly 
modified. The crystals are glassy, transpa- 
rent or translucent and colorless, white or 
^pale green, A massive compact variety has 
a dull lueter resembling unglazed porcelain 
and is gray or pinkish in color. 

Datolite occurs as a secondary mineral in 
Datolite veins and cavities in basic eruptive rocks asso- 

ciated with calcite, prehnite and the zeolites; also in metallic 
veins as in the Lake Superior copper region where the massive 
variety is quite common. It is also found in the vicinity of 
Bergen Hill and Paterson N. J. and in other localities through- 
out New York^ and New England. 

Epidote HCa,<Al,Fe),Si,0,3 
Epidote is a basic calciu,ni, aluminium and iron silicate. 
It occurs in monoclinic crystals which are commonly elongated 

' A few rare oct^urrences are noted In St Lawrence county. See Dana, 
.1, D. System of mineralogy. 1802. 
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in the direction of the orthoaxis producing forms of horizontal 
prismatic habit (fig. 227). These pass into acicular forms, stri- 
ated in the direction of elongation, columnar, parallel or diver- 
gent, and fibrous masses (pi. 31i). It also 
occurs coarse to fine granular. The luster is / A 

vitreous, the crystals sharp and with bril- \ . / 

liantly reflecting faces; the color is com- I J 

monly some shade of pistachio-green, often \ \ y 

nearly black, also yellowish green, gray or pjg 227 

brown. Epidote 

Epidote occurs in metamorphic rocks of the older formations, 
in gneiss, mica and hornblende schists. It is found associated 
with quartz, the feldspars, actinolite and minerals of the chlorite 
group. It is common in New England and in many of the west- 
ern states. Handsome specimens have been found in Orange 
and Putnam counties, N. Y. 

Axinite H2Ca4(B0)Al3(Si0,),(?) 

Axinite is an aluminium and calcium borosilicate with some 
of the calcium replaced by iron and manganese. It occurs in 

sharp triclinic crystals with acute edges (fig. 228), 
clove-brown, bluish or yellow in color and in 
lamellar and curved lamellar masses. The luster 
is highly vitreous. 

Prehnite HoCa2Al2(Si0j3 
» .^ Prehnite is an acid calcium and aluminium 

rig* 2Z5 

***^** orthosilicate. 

It is rarely found in isolated orthorhombic crystals of tabular 
hsibit but .usually occurs in aggregates of such crystals united 
t)y their basal planes and producing barrellike, shc^iflike and 
botryoidal shapes (pi. SU) with crystalline surfaces. The luster 
is vitreous, faint pearly on the basal planes; the color is light 
green to oil green, yellowish green, gray to white. 

Prehnite occurs as a secondary mineral in veins and cavities 
^^ basic eruptive rocks, basalt, diabase, etc. also in gneiss and 
^anite associated with calcite, pectolite, datolite and the zeo- 
Utes. It is sometimes associated with the copper of the Lake 
Superior region. Beautiful specimens are found in the neigh- 
Whood of Bergen Hill and Paterson N. J. 

It is occasionally cut as a gem. 
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SuhsUicates 

The minerals here included are probably either metasilicates 
or orthosilieates, which, for lack of definite knowledge regarding 
their eonstitiition, havt* been classed by Dana under this head. 

Humite group 

This p:roup inchidi»s the siK*cies chondrodite. humite and clino- 
huniite. They art* basic Hnosilicates of magnesium and are 
closely related (Chemically. Thvy occur in crystalB which are 
extremely iH>mp1irat<Hl i<-hondrodite and clinohumite are mono- 
elini(\ and hnmiu^ is orthorhombin. Clinohumite and chondro- 
dite occur in compat-t masses and disseminated grains. A vit- 
reous to resinous lustrr is i-ounuon to the group and the general 
color is rtMl, brownish red, brown to yellow. 

The huuute ^roup occur nuiinly in ejei^eil masses of limestone 
and are associated with chrysolite, biotite, pyroxene, niag^netite, 
spiurK etr. The minerals of the humite groui» are all found at 
the Tillx Foster miue. Putnam co. X. Y. 

Calamin K.ZnSiO.. 

I'alauun is a basic I'.inc silicatr containing HLo-f zinc oxid. 
-o« silica and 7.r^. water. 

The cvvsials arr orihorhombir-hrmimorphic, usually tabular 
parallel t*^ \hv braihypinai^Md -lis:. 2:?.»' and are frequently 

joined in radiattnl pxnips forming a rounded 
.-\ \ ueirhiHl ridsr^^ or cvH-ksv^nub ipl. 32,^1, Granular. 
. \ sia.a^ tiVa and boirvoidal mas^-s are also found. 

\ rhr lusiev :s v-irti^us to ^H-arly. Isolated crys- 

tals are oiAasioual'v o-i»r:rs> and transparent: 
'.r. cvr.c:a* :V.r iv'or :s wV.::^. mor*- rarely delicate 
sV.^idis .^' b.v.r o: iirxTV, ar.d v-ViOw to brown in 
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Tourmalin (schorl) 

Tourmalin is a complex silicate of boron and aluminium with 

appreciable amounts of either magnesium, iron or the alkali 
metate« 

It cirygtallizes in the rhombohedral-hemimorphic class of the 
hexagoxial system in prismatic crystals, sometimes short and 
thick 9.8 in flg, 230 or elongated with vertical striations, but 





Fig. 2U 



Tourmalin 



Fig. 231 



alwa^Q presenting a somewhat triangular cross section (fig. 231). 
-Whei?^ doubly terminated the crystals show different modiflca- 
tiona qh the two extremities. Parallel or radiated crystal aggro- 
gate% are conunon as well as columnar and compact masses 
(pl. 32J. The luster is vitreous to resinous; the color is com- 
^ouly black, brown or bluish, also blue, green, pink, or red, 
j^^ely colorless or white. Some varieties are composed of an 
eternal core of red surrounded' by a layer of green, others are 
^tterently colored at the opposite extremities. 

I^ourmalin occurs in crystalline rocks such as granite, gneiss, 

^ca schist, crystalline limestone, etc. The brown variety is 

*^iierally found in granular limestone and dolomite; a bluish 

^*ack kind is often associated with the tin ores; black tour- 

^^lins are common in quartz, granite, gneiss and mica schist; 

^bellite,.a pink to red variety, is found in lepidolite. In N(*w 

^^rk tourmalin is found in handsome specimens in St Lawr(*ne(^ 

^Wity; at Gouvemeur and Pierrepont; also in Essex, Orange 

^^d New York counties. 

Transparent varieties are sometimes cut as gems or for use in 
^^rtain optical apparatus. 

Staurolite HFeALSioO,^ 

Staurolite is a basic iron and aluminium silicate with magnes- 
^Hm (and sometimes manganese) replacing part of the ferrous 
iron. 



108 



NEW YORK STATE MUSEUM 



It occurs in orthorhombic crystals of prismatic habit which 
are often twinned, producing crosslike forms (pi. 33i). The 
luster is resinous to vitreous and the color varies from a black- 
ish brown to dark brown or gray. 

Staurolite is usually found in metamorphic rocks such a» 
gneiss, mica schist and argillaceous schists as a result of regional 
metamorphism and is frequently associated with garnet, silli- 
manite, cyanite and tourmalin. It occurs throughout the mica 
schists of New England, in North Carolina and Georgia. A few 
occurrences are noted in the mica schists of New York a^ the 
result of contact metamoirphism, as at Peekskill, Westchester co.^ 

Hydrous siUoates 

The species here included contain water of crystallization, as 
is the case with the zeolites, or yield, on ignition, water which is 
present as a base; in the latter category belong the micas and 
talc. In a third type of silicates referred to this division the 
relation of the water contained to the general composition is 

still in doubt. 

Zeolite division 

Apophyllite H,KCa^(Si03)8+4iH20 

Apophyllite is a hydrous potassium and calcium silicate. 
It occurs in tetragonal crystals, mostly of square cross sec- 
tion, sometimes flattened in the direction of the ver- 
tical axis into plates; and in rectangular forms, <9onie> 
what isometric in aspect but striated on the prismatic 
faces and giving pearly reflections from the basal 
plane (pi. 33._,); it is often found with steep pyramidal 
terminations (fig. 232). It is also found occasionally 
in huu(»llar mas>ses. The luster is vitreous except on 
(he basal pinacoid which face has a pearly luster with 
internal opalescence often likened to the eye of a 
lisli; it is colorless, white, pink or greenish. 
Apophyllite Apopliyllit(^ occurs as a secondary mineral in basalt 

and other volcanic rocks assiK'iated with the zeolites, datolite, 

prehnite, and calrite; also in cavities in granite and gneiss. 

Nova Scotia, the l.ake Superior copper region and Bergen Hill 

X. J. atYord many good speeimens. 
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Henlandite H2CaAlo(Si03)e+3H20 

Heulandite is a hydrous calcium and aluminum silicate. 
It occurs in monoclinic crystals, somewhat coffinlike in shape 
with marked cleavage parallel to the clinopinacoid and a pearly 
laster on the clinopinacoid and cleavage surfaces. The crystals 
are sometimes joined in parallel position, giving ridgelike forms 
of the general coffinlike section. The luster is pearly to vitreous 
and the color white, red or brown. 

Henlandite occurs with the other zeolites in basaltic rocks and 
gnelM. For localities see apophyllite. 

StUbite (desmine) K,(Na2.Ga)Al,(Si03)e+4H20 

Stilbite is a hydrous sodium, calcium and aluminium silicate. 

It occurs in monoclinic crystals resembling those of heulandite 
bvLt Qsnally more tabular parallel to the clinopinacoid and with 
a more strongly marked tendency to form aggregates which are 
sheaflike (pi. 34i), globular or radiated in form. The broad faces 
o:f the tabular crystals show a pearly luster, otherwise the luster 
is vitreous; the color is white, red, brown or yellow. 

Stilbite occurs in the formations and localities common to the 
zeolites, for which see ai)ophyllite. 

Chabazite (CajNa^) Al^ (Si03) ,+6H20 
Chabazite is a hydrous calcium, sodium and aluminium sili- 

ca.te. 

It occurs in rhombohedral crystals with nearly square faces, 

Mrkich give them somewhat the aspect of cubes. These faces, 

i^owever, are commonly striated parallel to the edges and are 

^ften broken by the protuberance of an angle of the twinned 

negative rhombohedron. The luster is vitreous and the color 

^hite or flesh-red. 

Ohabazite like the other zeolites is found generally in basaltic 
^ks. It is abundant in several localities in Nova Scotia. 

Analcite NaAl(Si03)2+H20 

-Analcite is a hydrous sodium and aluminium silicate. 

It occurs in isometric crystals, usually trapezohedrons (fig. 
2^3). A variety from the Cyclopean islands near Sicily is cubic 
^ habit with small trapezohedral modifications. It is some- 
tixtxes found in concentric groups about a single crystal as a 
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Fip. S'^', 
Analcitt- 




inirl«Mis and uion* rai-flv in p'auular or compact masses witLMI — b 
roini'iitii.- sinirtun\ T\w lust«*r is vitreous and the crystalfe ^l8 
an* ri»lorl«'ss or >vliii«\ $rr(M*iiish or faintly red in color. 

Analritt' is a secondary mineral occarrin: 
\\i til other z<Mi]ites in the basalt or gneiss at th 
proiii intent ziniliti' localities previonaly give 
'Mulrr apophyllitt'. 

Natrolite NajUoSisOjo-rSHsO 

Nat rolitc is a hydrous sodium and aluraininiK: m 

silii-aii*. 

It ucriirs in t^lender. orthorhombic prisms of nearly sqnair^ve 
cross section often terminated by a flat pyramid (fig. 234); t hcBcrsc 
are roninionly gronfM^d in radiating and 
intiM-lacinjr a«rjrn*jrati's ipl. :U..i. It also occurs 
in radiating flhrons forms and gi-anular to 
comiiact niass«'S. The luster is vitreous; 
the toli»r is white, givenish or reddish, 

the rrvstals are freiinentlv colorless. 

« I • 

The niann«'r of iH-etirrenre. assiK-iation and 
I'Halities are the same as for the other 

'-^'^^1^'^^- Mica division 52S«Si 

Muscovite (common mica, isinglass) H«KAl,(Si04), 

Museovi(t> is a hydrous ]K^tassinm and aluminium orthosili 
eaie, 

Tlie rrysials of muscovite are nionoolinic. prismatic and tabu 
lar in liaMi, with a rhomb io or hexagonal section and cleaye 
great ease parallel to the base into extremely thin elastic plates 
It also \H'eiirs in dissoniinated scales. f»ften grouped in globulac::^ 
«pl. :^*»./i or plun\ose \\A, :\7^.* forms. The luster of mnscovite ii^^ 
vitreons. penrlx on the rleavage planes: the color is commonly^^ 
gra>, biewn. liieen or >eIKn\. s« nietiiui-s violet or black. 

MnsroN ue is \\w \\\os\ I'onunon of the micas and is very widely^ 
distribnie*! h is an essential eonstitiient of mica schist aud^ 
i\^ a less uv^:'jee. ot sonie iiiatiite aiu! gneiss. The best developed 
erystaU I** v \u m |»<^s;nuMtite ilikes anil voins. It is also found in- 
fra)5ine\M,\I \orks i\uil liniesioius but rarely as a secondare' 
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Muscovite is mined in South Carolina and New Hampshire. 
I>eposits of good quality also exist in Pennsylvania, Colorado, 
Nevada, New Mexico, South Dakota, Washington and California. 
Muscovite has been found in Westchester, Orange, Jefferson and 
St Lawrence counties, N. Y. 

Muscovite, known commercially as mica and colloquially as 
isinglass, is much used for the doors of furnaces and stov(?s, also 
as an insulating material in dynamos and other electric appli- 
ances and for many less important purposes. 

Lepidolite (lithia mica) 

Lepidolite is a basic fluosilicate of potassium lithium and 
aluminium. It occurs in crystalline plates resembling those of 
muscQvite but of a pinkish or violet-gray color often nearly 
white. More frequently it is found in massive granular aggre- 
gates of coarse or fine scales. It cleaves easily parallel to the 
base into elastic plates. It is distinguished from muscovite 
mainly by the color. 

It is found in granite and gneiss particularly in pegmatite 
veins. 

Biotite (black mica) (H,K)o(Mg,Fe")2(Al,Fe"»)2(Si0j3 

Biotite is a potassium, magnesium, aluminium, ferrous and 
ferric iron orthosilicate. 

It occurs in monoclinic crystals, tabular or short prismatic 
in habit, similar to those of muscovite. These show the basal 
cleavage characteristic of the micas, separating into thin elastic 
plates. It is often found in disseminated scales or in massive 
aggregates of cleavable scales. The luster is vitreous, pearly, 
or, in the dark colored varieties, submetallic; the color is com- 
monly dark green to black. 

Biotite occurs as an important constituent in many igneous 
rocks and is common in most granites, and in many syenites and 
diorites; also in such eruptive rocks as rhyolite, trachyte and 
andesite. In small flakes biotite is present in many common 
rocks and soils. 

Orange, Essex and St Lawrence counties, N. Y. furnish good 
specimens. 
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PUogopite (amber mica) (H,K,MgF)3Mg3Al(Si0j3 

Phlogopite is a potassium, magnesium and aluminium fluo- 
silicate. 

The crystals of phlogopite are similar to those of muscovite 
and biotite but are often developed into rather longer prismatic 
forms usually tapering slightly at either end. The color is com- 
monly yellowish brown to brownish red, frequently a metallic 
copper-red on the cleavage surfaces. 

It is specially characteristic of crystalline limestone and is 
also found in serpentine. Localities are numerous throughout 
New York, particularly in Jefferson and St Lawrence counties, 
and in New Jersey. 

Phlogopite is used largely as an insulating material in electric 

work. 

Glinochlore (ripidolite) H8Mg5Al2Si30ig 

Clinochlore is a basic magnesium and aluminium silicate. 

It occurs in monoclinic crystals closely approximating hex- 
agonal forms in prism angle. The crystals cleave easily into 
thin, inelastic plates resembling those of the micas. It is also 
found in masses of coarse or fine scales and in an earthy variety. 
In color clinochlore is commonly some shade of green, more 
rarely yellowish, white or rose-red. 

It is frequently found in chlorite and talcose rocks and in 
serpentine. Clinochlore partly altered to serpentine occurs 
with magnetite at Brewster, Putnam co. N. Y. 

Prochlorite H,o (FeMg) 23 Ali^SiisOgo 

Prochlorite is a basic magnesium and aluminium silicate with 
some iron and a lower percentage of silica than clinochlore. 

It is monoclinic, the crystals are commonly small with 
strongly furrowed prismatic faces and often curiously twisted 
into wormlike shapes. It is also found in foliated and granular 
masses. The color varies from grass-green to blackish green 
and the luster from feebly pearly to dull. 

It frequently results from the decomposition of mica, amphi- 
bole, garnet, pyroxene, etc. Its association and occurrence are 
similar to clinochlore. 
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Serpentine and talc division 

Serpentine H4Mg3Si209 

Serpentine is a hydrous magnesium silicate with some of the 
magnesium replaced by iron. 

Serpentine occurs only in massive forms and in pseudo- 
morphs after crystals of chrysolite, amphibole, pyroxene, ensta- 
tite, etc. It is sometimes foliated but also occurs in delicate 
silky fibers (pi. SJ and in fine granular to impalpable masses. It 
is characterized by a greasy feel. The color is green of various 
shades, yellow, brown, red, black and nearly white, often gray 
on exposure and frequently variegated. The luster is greasy, 
silky or waxy. 

Serpentine is a secondary mineral resulting from the altera- 
tion of certain magnesium silicates and frequently forms large 
rock masses. When formed from the alteration of basic igne- 
ous rocks it is associated with spinel, garnet, chromite and some- 
times ores of nickel. The variety derived from the decomposi- 
tion of metamorphic rocks is commonly accompanied by dolo- 
mite, magnesite and other carbonates. A variegated rock of 
the latter type is polished for ornamental purposes and goes by 
the name of verd antique marble; this is quarried at Milford Ct. 
A fibrous variety known as chrysotile is mined in Quebec and is 
used as asbestos. Outcrops of serpentine are found in West- 
chester county at New Rochelle, Rye and Port Chester, and in 
Putnam, Orange, Richmond, Jefferson and St Lawrence counties, 

N.Y. 

Talc (steatite, soapstone) H2Mg3(Si03)4 

Talc is an acid metasilicate of magnesium. 

Owing to the extreme rarity of crystallized specimens its sys- 
tem of crystallization is still in doubt. It commonly occurs in 
foliated or fibrous masses (pi. Sg), sometimes with a stellated 
structure, and in coarse or fine granular to compact masses. 
These vary in hardness (Hl-1.5) but are in general very soft 
with a soapy feel. The color is ordinarily white, greenish or 
gray and the luster pearly or waxy. 

VARIETIES 

Foliated talc. A light green to white foliated variety which 
may be separated into thin, inelastic plates. 
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Soapstone or steatite. A coarse to fine granulai' talc of a gray 
or green color; used extensively for making sinks and as a 
refractory material for heartlis. atove linings, etc. 

French chalk. A soft compact material used by tailors for 
marking clotb. 

Agolite. A fibrous variety of talc somewhat above the aver- 
age liardnesH and used when mixed with wood pulp in the mauu- 
1'ai-turc nf paper. 

£ensselaerite. A name gi\'en to the pseudomorphs of talc after 
pyroxene. 

Talc in the form of soapstone is very common, and in some 
regions consritntea quite extensive beds. It is often associa/ted 
with serpentine, chlorite schist and dolomite and frequently 
forms pseudomorphs after other minerals. An extensive 
deposit at Talcville, St Ijawrence co. X. Y. is mined for the 
mamifactnro of paper and for a fireproof fiber whii-h is mixed 
with sei-pentineasbestos.i 

Besides the nses above mentioned talc is \isi4l in making soap, 
as a dressing for skins and as a Inhrioiuit. 



Sepiolite (meerschauni) HjMgj.SijOia 
Sepiolite is a silicate of magnesium containing water. 



It 



occurs in soft, compact, white, amorphous masses of an earthy- 
texture and with a dull luster. It is rarely fibrous. 

Sepiolite is found in Asia Minor, Greece, Jlorocco, Moravia 
and in Spain where it is used as a building stone. The material 
from Asia ilinor is used for making uieei'scbaum pipes. 
Kaolin division 
Kaollnlte (kaolin) H,AI.^Si.O„ 

Kaolinite is a basic aluminium silicate with some iron and 
organic matter. 

It occurs in small scalelike pearly monocliuii* crystals, more 
coiiiiiionly in compact or loose masses of a claylike nature. Tbe 
color is white, grayish, yellowish and sometinu's brownish, 
bluish or reddinh. The common massive material is plastic and 
unctuous to the touch. 

'NVvluH, J. N, TbIc hidumry ot St I 
mua. Slat hd. rop't. 1S»7. t:l1&-ST. 



. X. T. N. Y. slate 
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Kaolin is of secondary origin resulting from a decomposition 
of the feldspars and other silicates. It occurs associated with 
the feldspars, corundum, topaz, etc. Notable deposits occur in 
Chhtty Belgium, France, Bavaria and Cornwall. In the United 
StatflS^ kaolin is mined in Florida, North Car(»lina, Delaware, 
Pena^jrivania, and in somewhat poorer quality in Ohio, New 
JerMjJvNeWvYork and other states. 

Alrtr.oonstituent of porcelain, chinaware, tiling and similar 

pr oJBC tE its importance is constantly increasing.^ 
. J" , ■ 
* ' . Pyrophyllite (pencil stone) H2Al2(Si03)4 

Fynphyllite is a basic aluminium silicate. 

Itjb^urB in radiated, lamellar or fibrous masses, sometimes 
coiq|set and smooth, soft and soapy like talc (pi. 36i). The lus- 
ter ii^pearly to dull and the color white, greenish, brownish or 
yelliKw. . 

The compact variety is present in some schistose rocks and 
th^ foliated form often occurs associated with cyanite. Pyro- 
phyllite is found in North Carolina, South Carolina and Georgia. 

It is extensively used for slate pencils. 

ChrysocoUa CuSi03-h2H20 

Chrysocolla is a hydrous copper silicate containing SLS^ 
silica, 45.2;^ copper oxid and 20.5^ water. It is often very 
impure. 

Chrysocolla is found in green to blue masses with an enamel- 
like texture; sometimes botryoidal; incrusting or filling seams. 
Impure varieties often occur in earthy masses, green or dull 
brown in color. 

It occurs associated with other copper minerals specially in 
the upper parts of veins and is to be found in most of the copper 
producing regions. 

It is an ore of copper and is also used for imitation turquoise. 

Titano-silicates, Titanates 

Titanite (sphene) CaTiSiOg 
Titanite is a calcium titano-silicate often carrying iron in 

varying amounts and sometimes manganese and yttrium. 

* For an exhaustive treatise on this subject see N. Y. state mus. Bui. 35, 
1900. 
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The crystals of titanite are monoclinic and very varied in 
form; commonly of a wedge-shaped or tabular type (fig. 235) but 
often prismatic in habit. Compact massive forms also occur 
but lamellar varieties are rare. The luster is adamantine or 

resinous and the color usi;ially brown to black, 
yellow or green, rarely rose-red. 

Titanite occurs as an accessory rock-forming 

mineral in many igneous rocks, mostly of the 

acidic feldspathic type and is more common in 

Fig. 235 plutonic granular than in the volcanic forms. 

It is found in basic hornblende granites, sye- 
nites and diorites and is very characteristic of the nephelin 
schists, gneisses, etc.; also in granular limestone and in beds of 
iron ore. It is commonly associated with pyroxene, amphibole, 
wernerite, zircon, apatite, etc. and when found in cavities in 
granite and gneiss often accompanies orthoclase and quartz. 

Handsome specimens are to be found in Ottawa and Renfrew 
counties, Canada, and in New York in the Lake George region 
of Essex county and in St Lawrence, Lewis, Orange and Putnam 
counties. Transparent varieties are cut for gems. 

NIOBATES, TANTALATES 

Golumbite, tantalite 

The species columbite, an iron and manganese niobate, and 
tantalite, an iron tantalate, grade into each other chemically to 
such an extent that it is impossible to definitely separate the 
two species. The normal formula for columbite is (Fe, Mn) 
NboO(j and that for normal tantalite is FeTaoOe. The iron 
and manganese vary widely and tin and wolfram are also often 
present in small amounts. 

The crvstals which are orthorhombic are of varied habit, some- 
times occurring in short prismatic forms or in tabular prismatic 
crystals flattc^ned parallel to the macropinacoid. Heart-shaped 
twins are (]uite common. It also occurs massive. The luster 
is submelallic, often very brilliant, and the color black in opaque 
varieti(»H or brown in the more translucent occurrences. It is 
freiiuently iridescent, ])articularly on the surfaces produced by 
cleavage, which occurs in two directions at right angles. 
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Columbite often occurs in granite and pegmatite veins, in 

mica, and, in the Greenland locality, in cryolite; it has been 

found in gold washings in the Urals. In the United States it 

IB found in Maine, New Hampshire, Massachusetts, Connecticut, 

New York, Pennsylvania, Virginia, North Carolina, Colorado, 

South Dakota and California. 

PHOSPHATES, ARSENATES, VANADATES, ANTIMONATES 

Monazite (Ge3La,Di)P0^ 

Monazite is a phosphate of the cerium metals, with some 
thorium and silicon possibly present as mechanical impurities. 

It occurs in small monoclinic crystals (fig. 
236) often flattened parallel to the orthopina- 
coid; also in disseminated grains or as sand 
and sometimes in angular masses. The lus- 
ter is resinous and the color hyacinth-red, 
brown to yellow. 

Monazite in the form of sand is quite 
abundant in certain parts of Brazil; it also 
occurs as a constituent of the gneiss rock of 
North Carolina and South Carolina. 

It is the chief source of the thorium which is now extensively 
used in the manufacture of mantles for incandescent gas fix- 
tures. 

Apatite g^oup 

Apatite (phosphate rock) Ca5(Cl,r)(P0j3 

Under this head are included the subdivisions fluor-apatite and 

chlor-apatite. The former is a calcium phosphate with calcium 

^. fluorid and the latter a calcium phosphate with cal- 

yy^ \ N. cium chlorid. Intermediate compounds contain both 

^^ ^ ^ fluorin and chlorin in varying amounts. 

Apatite crystallizes in the pyramidal group of the 
hexagonal system. The crystals are prismatic in 
habit commonly terminated by the unit pyramid (fig. 
237) and sometimes with the additional modification 
.of the base; occasionally the prismatic crystals 
are short or tabular and show the modification of 
the third order pyramid (as in specimens from Knap- 
penwand in the Tyrol). Compact massive varieties have a 
globular or reniform structure and are often found in rocklike 



Fig. 236 
Monazite 




Fig. m 
Apatite 
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masses or nodules not uolike Goinmon limestone. The luster is ^^M 
vitreous to resinous and the color varies widely from sea-green, ^^H 
bluish green, brown or flesh-red, in the eoramoner occurrences, to ^^M 
transparent violet, yellow or colorless and opaijue white or gray ^^| 

in the less common forms. ^^H 

Ordinary. Crystallized or granular 'massive material as de- ^^| 

s<-ribi>d above. ^H 

Phosphorite. Fibrous concretionary and partly scaly masses. ^H 

Oateolite. Mostly altered and impure apatite of a compact H 

earthly nature and white or gray in color. H 

BELATED ' 

Phosphate rock. A massive impure phosphatic material chiefly -^ 

of organic origin, and granular, spongelike or nodular in struc- _: 
ture. Here are included the phosphatic limestones, guano «^ 
deposits and bone beds from which is extracted material of con- — _a 
siderable importance in the manufacture of fertilizers. 

Apatite occurs in a great variety of formations but is most z^ ■ 
common in raetamorphic crystalline rocks particularly in granu- — ,Ma 
lar limestone, in gneiss, syenite, mica schist and in beds of "'B- i 
iron ore. As an accessory rock mineral it has a wide distribu-^ .mi- 
iion. It is found in many igneous rocks, the larger crystals^^ s 
being characteristic of granite and pegmatite, where it is asso- ■gra- 
dated with quartz, feldspar, tourmalin, muscovite, beryl, etc. 

Besides many foreign localities apatite occurs in extenaiv^^ e- 
deposits in the Laurentian gneiss of Canada associated witlrz^Lli 
calcite, pyroxene, amphibole, titanite, etc. It is found in Maine -^s?, 
Sew Hampshire, Massachusetts, Connecticut, and in New York ^:^i 
in St Lawrence, Jefferson, Essex and Orange counties; also h-^^rt 
Pennsylvania and North Carolina. Extensive deposits of phos^^^" 
phate rock occur in eastern South Carolina and Florida. 

Apatite in the form of phosphate rock is largely used fo^*^^ 
fertilizers. The purer material is employed in the raanufactur^^^ 
of phosphorus. 

Pyromorphite (green lead ore) (PbCl)Pb,(PO,), 
Pyromorphite is a phosphate of lead with lead chlorid, oftei^^ 
with some arsenic, iron or calcium. With a larger proportioi^ 
of arsenic it passes into mimetite. . 
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It occurs in hexagonal crystals of the pyramidal group, pris- 
matic in habit, often in rounded or barrel-shaped forms or in 
parallel and branching groups (pi. 360), less frequently in globu- 
lar and reniform masses with a subcolumnar structure. The 
luster is resinous and the color usually some shade of green, 
yellow or brown, also grayish wliite or milk-white. 

Pyromorphite occurs principally in veins with galena and 
other lead minerals. It is found in Saxony, Bohemia and 
Nassau and in several places in England and Scotland. In the 
United States it occurs in Maine, Pennsylvania, North Carolina 
and at Ossining N. Y. 

Mimetite (PlCl)Pb,(As0j3 

Mimetite is an arsenate of lead with lead chlorid. With the 
replacement of arsenic by phosphorus it grades into pyromor- 
phite; calcium also frecpiently replaces part of the lead. 

The crystals of mimetite are hexagonal-pyramidal and 
resemble those of pyromorphite; they show, however, a marked 
tenden-cy toward the production of rounded, globular aggre- 
gates (pi. 37i). The mineral also occurs in mammillary crusts. 
The luster is resinous and the color vellow to brown or white. 
Its occurrence is similar to that of pyromorphite. 

Vanadinite (PbCl)Pb^(V0j3 

Vanadinite is a vanadinate of lead with lead chlorid. Phos- 
phorus is also often present in small amounts; also arsenic, 
both of which replace some of the vanadium. 

The crystals are like those of pyromorphite 
and mimetite, often with hollow or cavernous 
faces on the basal plane, and sometimes show- 
ing the modification of the third order pyramid 
(fig. 238). The luster is resinous and the color 
deep red, brown to yellow. 

Vanadinite abounds in the mining regions of 
Arizona and New Mexico where it is associated 
with wulfenite. 

Vanadinite is a source of vanadium salts, which are used in 
dyeing fabrics, and for the production of vanadium bronze, 
vanadium ink, etc. 






Fig. 238 
Vanadinite 
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Olivenite Cu2(0H)As04 

Olivenite is a basic arsenate of copper. It occurs in small 
orthorhombic crystals of prismatic habit and often acicular; 
also in velvety or drusy masses of fibrous crystals and in 
globular forms. The luster is adamantine to vitreous and the 
color olive-green of various shades passing to brown and some- 
times almost black, more rarely yellow or grayish white. 

It is found in Cornwall, Devonshire, the Tyrol, the Ural 
mountains, Chile and in the Tintic district of Utah. 

Libethenite CUo(0H)P04 

Libethenite is a basic copper phosphate. It occurs in small 

orthorhombic crystals closely resembling those of olivenite in 

form and luster; the color is in general somewhat darker than 

that of olivenite. _ ..^ 

Lazulite 

Lazulite is a basic phosphate of aluminium, iron and magnes- 
ium. 

It occurs in monoclinic crystals of pyramidal habit and in 
granular to compact masses. The luster is vitreous and the 
color deep sky-blue. 

It occurs in veins in clay slate, quartzite, etc. and is found 
in Salzberg, Styria, Sweden and in North Carolina and Georgia. 

Vivianite (blue iron earth) Fe3(P04)2+8H20 

Yivianite is a hydrous phosphate of ferrous iron. 

It occurs in monoclinic prismatic crystals, often in stellate 
groups; also as an eartliy material replacing organic remains 
as bones, shells, etc. The luster is vitreous to dull. The 
unaltered material is colorless but gradually becomes blue or 
bluish green on exposure to air. 

It occurs associated with pyrrhotite and pyrite in veins of 
copper or tin, in beds of clay or associated with limonite; also 
in cavities of fossils or buried bones. 

Vivianite occurs in the United States in New Jersey, Virginia 
and Kentucky. 

Erythrite (cobalt-bloom) Co,(As04)2+8H20 

Erythrite is a hydrous arsenate of cobalt. 
It occurs in monoclinic prisms striated vertically and somii- 
times in stellate groups. Small globular and incrusting forms 
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with drusy or velvety surfaces are of frequent occurrence as 
well as an earthy variety pink in color. The luster is vitreous to 
adamantine, pearly on some faces, also dull or earthy. The 
color is crimson-red to peach-red. 

It is found in Saxony, Baden, Norway and in the United 
States in Pennsylvania, Nevada and California. 

Wavellite Ale(0H)e(P0J,+9H20 

Wavellite is a hydrous basic phosphate of aluminium. 

Distinct orthorhombic crystals are rare. The mineral is com- 
monly found in hemispheric or globular aggregates of radiating 
fibrous crystals (pi. STo). Stalactitic forms also occur. The lus- 
ter is vitreous and the color white, yellow or green, occasionally 
brown, blue or black. 

It is found in Devonshire, Saxony, Bohemia, Brazil and in 
Pennfiylvania, Arkansas and North Carolina. 

Turquoise Al2(0H)3P0^+H20 

Turquoise is a hydiH)us basic phosphate of aluminium with 
80me copper, to which it owes its color. 

It occurs in sky-blue to green nodules, veins or rolled masses 
with a dull or waxlike luster; also stalactitic or incrusting. 

Turquoise occurs in porphyritic trachyte and in a clay slate 
which, in the Persian locality, is found penetrated by trachyte. 
It was formerly extensively mined in Persia; recently, however, 
important workings in New Mexico have been reopened and are 
producing very good material. Localities are also known in 
Arizona, California, Colorado and Nevada. 

Turquoise is used as a gem. 

Torbemite (copper uranite) Cu(TJ02)2P208+8H20 

Torbernite is a hydrous phosphate of uranium and copper. 

It occurs in small tabular tetragonal crystals often extremely 
thin, of a bright green color and pearly luster. Less frequently 
it occurs in pyramidal forms or in foliated micaceous aggre- 
gates. 

It has been found in Cornwall, Saxony and Bohemia. 
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Autnnite (lime uranite) Ca(U02)2P208+8H20 

• Autunite is a hydrous phosphate of uranium and calcium. 

It is found in tabular orthorhombie crystals very similar to 
those of torbernite but lemon-yellow or sulfur-yellow in color. 

It occurs in Connecticut, North Carolina and in the Black hills 
of South Dakota. 

BORATES 

Boracite Mg-ClgBigOgo 

Boracite is a chloro-borate of magnesium. 
The crystals are of the tetrahedral class of the isometric sys- 
tem and are commonly small and cubic (fig. 239), tetrahedral 





Fig. 239 



Fig. 240 



Boracite 

(fig. 240), octahedral or dodecahedral in habit; these usually 
occur isolated embedded in gypsum, anhydrite or salt. A mas- 
sive variety occurs in snow-white, soft and powdery masses. 
The crystals are colorless, white to gray, yellow or green and 
vitreous to adamantine in luster. 

Boracite is found associated with other minerals which have 
been deposited from solution and occurs in many parts of 
Europe notably at Stassfurt, Prussia. 

Colemanite CsL^B^O^^-hSKoO 

Colemanite is a hydrous borate of calcium often occurring in 
monoclinic crystals, short prismatic in habit, and somewhat 
resembling those of datolite, also in cleavable to granular and 
compact masses. Colemanite is commonly white or colorless and 
of a vitreous to dull luster. 

Under this species are included: 

Priceite. A massive variety, white and chalky in appearance 
and loosely compacted in structure. 

Fandermite. A white variety in firm, compact, porcelainlike 
masses. 
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Colemanite is found quite abundantly in California, Nevada 
and Oregon. Pandermite is mined near Pandemia in Turkey. 
Colemanite is an important source of the borax of commerce. 

Borax (tinkal) Na2B^0,.10H20 

Borax is a hydrous borate of sodium. 

It occurs in sharp, well formed monoclinic crystals trans- 
parent to opaque resembling those of pyroxene in habit. The 
color is white to gray sometimes inclining to greenish or bluish 
and the luster is vitreous to dull. 

Borax is present in iSolution in many lakes of a saline or alka- 
line nature and is found crystallized in the mud at the bottom 
and in deposits in the surrounding marshes. Deposits of con- 
siderable importance occur in Nevada and California. 

It is used in many industries such as «oap, glass making 

etc., as a preservative and in washing, bleaching and antiseptic 

preparations. 

TTlexite NaCaBgOo.SHaO 

Ulexite is a hydrated borate of sodium and calcium. 

It occurs in loose rounded masses of fibrous crystals, white in 
color and with a silky luster. 

Its occurrence is similar to colemanite and borax and it is 
found in Nova Scotia and Chile as well as in the borax localities 
of Nevada and California. 

It is much used in the manufacture of borax. 

URANATES 

Uraninite (pitchblende) 

Uraninite is a uranate of uranyl, lead, usually thorium (or 
zirconiuin) and frequently metals of the lanthanum and yttrium 
groups. The relation between the bases, however, varies so 
widely that no definite formula can be given. 

It rarely occurs in isometric crystals of octahedral habit but 
is commonly found in botryoidal or granular masses pitchlike in 
luster and appearance and generally black in color. 

Uraninite occurs as a primary constituent of granitic rocks 
and as a secondary mineral with silver, lead and copper ores. 
The main supply is obtained from Bohemia. It is mined, how- 
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ever, in Colorado and is found to some extent in North Carolina, 
South Carolina, Texas and in the Black hills of South Dakota. 

It is the principal source of the uranium salts used in painting^ 
on porcelain and in the manufacture of fluorescent gla^. 

SULFATES, OHROMATES, ETC. 

Barite (heavy spar, barytes) BaSO^ 

Barite is the sulfate of barium, sometimes containing stron- 
tia, silica, clay, etc. as impurities. 

It occurs in orthorhombic crystals which are often tabular in 
habit (fig. 241, 242); these are sometimes united in divergent 




Fig. 241 



Fig. 242 
Barite 



Fig. 243 



groups giving the crested appearance shown in pi. 38i, and pass- 
ing by insensible gradations into straight or curved laminated 
masses. Crystals with prominent dome faces (fig. 243) are also 
fi'equent. Massive forms are of a granular, fibrous, earthy^ 
stalactitic or nodular structure. Barite cleaves easily parallel 
to the basal and prismatic faces. The color is commonly white 
or light shades of yellow, brown, red or blue; the luster is 
A itreous to pearly. 

Barite frequently occurs associated with metallic deposits^ 
particularly with lead, copper, iron, silver, manganese and 
cobalt. It is mined in North Carolina, Virginia and Missouri, 
and is also found in Connecticut, Tennessee, Kentucky, Illinois 
and in Jefferson and St Lawrence counties, of New York. It is 
also mined in Germany and Hungary. 

White varieties of barite are ground and used as an adulterant 
gf white lead and to give weight and body to paper and certain 
kinds of cloth. The colored varieties are sometimes polished 
for ornamental purposes. 

Anhydrite CaSO^ 

Anhydrite is an anhydrous calcium sulfate. 
It is rarely found in orthorhombic crystals; massive forms are 
often characterize^ by rectangular cleavage in three directions. 




Barlte, Hartz, Oeriuany 
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Fibrous, granular and marblelike masses occur, sometimes 
exhibiting a sugarlike appearance on the fracture. The color 
IS eommonlv white or gray, often bluish, reddish or brick-red. 
The luster is vitreous inclining to pearly. 

Anhydrite occurs associated with rock salt, gypsum and lime- 
stones of various ages. It is found in New Brunswick and Nova 
Scotia, and to a limited extent at Lockport N. Y. and in eastern 
Pennsylvania and Tennessee. 

Anglesite FbSO^ 

Atiglesite is a sulfate of lead containing 26.4^ sulfur trioxid 
and T3.6^ lead oxid. 

The crystals are orthorhombic and of varied habit. Massive 
forms are extremely common, the mineral frequently forming 
in concentric layers around a core of galena. Anglesite is 
white, gray or more rarely bluish or yellowish in color; the 
crystals are often transparent and colorless. The luster is 
adamantine to vitreous. 

It is a frequent decomposition product of galena with which 
it is commonly associated and often alters to cerussite. It is 
found throughout the United States in the lead regions notably 
in Pennsylvania, Missouri, Wisconsin and Colorado. Extensive 
deposits occur in Mexico and Australia. 

It is mined with other lead minerals as an ore of lead. 

Celestite SrSO^ 

Celestite is a sulfate of strontium sometimes containing small 
amounts of calcium and barium. 

It crystallizes in the orthorhombic system in forms generally 
similar in type to those of barite, often tabular parallel to the 
base or prismatic to the macro or brachy 
axes (fig. 244). Fibrous massive forms 
occur with a parallel or radiated silky 
structure; also cleavable masses and more 
rarely granular varieties. In color celes- 
tite varies from white to pale blue, some- 
times reddish; the crystals are often trans- 
parent and colorless. The luster is vitre- /\^\^}^ 
ous to pearly. 

Celestite is of frequent occurrence in limestone and sandstone, 
in beds of gypsum, rock salt, etc.; and in volcanic regions asso- 




126 



NEW YORK STATE UCSEUM 



dated with sulfur and other eruptive minerals. Beautiful crys- 
tals have been obtained from Girgenti, Sicily. It also occurs 
at several localities on Lake Erie; at Lockport, Chaumont bay, 
Rossic and Schoharie X. Y.; in Pennsylvania, West Virginia, 
Tennessee, Kansas, Texas and California, and at Kingston 
Canada. 

As a source of stroutinm nitrate, celestite is much used in the 
manufacture of fireworks. 

Croeoite PhCtO^ 

Crocoite is a lead chromate occurring in monoclinic crystals 
of prismatic habit and in imperfectly columnar and granular 
masses. It is of a bright hyacinth-red to orange-yellow color. 
The luster is adamantine. 

Brochantite 4CnO.SO3.3H1O 

Brochantite is a basic sulfate of copper commonly found in 
acicular orthorhombic crystals or drusy crusts of an emerald- 
green or blackish green color and vitreous luster. 
Gypsum {selenite, alabaster) CaS0^-^2HJ0 

Gypsum is a hydrous calcium sulfate. 

The crystals are monoclinic and commonly quite simple in 
form, fig. 245 and 246 representing types of common occurrence. 




Gypsum 

Twins of the arrowhead form shown in pi. 38. are quite fre- 
quent. Massive forms have a foliated, lamellar or granular 
structure and a fibrous variety known as satin spar is often of 
marked beauty. Easy cleavage parallel to the clinopinacoid 
yields thin polished plates. The color varies from white to 
gray, flesh-red, yellow or light blue. The luster is pearly to sub- 
vitreons. 



GUIDE TO THE MINBRALrOGIC COLLECTIONS 127 

VARIETIES 

Selenite. A colorless transparent variety usually in distinct 
crystals or broad folia. 

Fibrous. A coarse or fine fibrous variety, translucent and 
silkv in luster. 

Alabaster. A compact, fine grained gypsum much used for 
carved objects. 

Rock gypsum. An earthy dull colored variety often contain- 
ing clay, calcium carbonate or silica as an impurity. 

Extensive deposits of gypsum have resulted from the evapora- 
tion and concentration of ancient seas and landlocked waters. 
Gypsum is also produced by volcanic action and from the decom- 
position of limestone by sulfuric acid. In New York gypsum is 
found throughout the rocks of the Salina group in considerable 
quantities associated with halite. Deposits also occur in Ohio, 
Illinois, Virginia, Tennessee, Kansas and Arkansas and to a 
considerable extent in Nova Scotia. 

Gypsum is burned and ground for plaster of paris and when 
ground from the raw material is of considerable value as a 
fertilizer. Alabaster and, to some extent, satin spar are used 
for carved ornamental objects. 

Epsomite (epsom salt) MgSO^-i-THoO 

Epsomite is a hydrous magnesium sulfate. It is usually 
found in white botryoidal masses and delicately fibrous crusts 
and is characterized by its bitter saline taste. 

Alunite (alum stone) K(A10)3(S0J2+3H20 

Alunite is a hydrous sulfate of aluminium and potassium. 

It crystallizes in rhombohedrons closely resembling cubes. It 
also occurs in massive forms of fibrous, granular or impalpable 
structure. The color is generally white, often shading to gray- 
ish or reddish. The luster is vitreous to pearly. 

It occurs as seams in rocks of a trachytic character where it 
has been formed by the action of sulfur dioxid and steam. It is 
found in Kosita hills, Col. 

Alunite is used in the production of alum. 
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Fig. 247 
Wolframite 



TUNGSTATES, MOLYBDATES 

Wolframite (wolfram) (Ee,llLn)WO^ 

Wolframite is a tungetate of iron and manganese in which 
these metals are present in varying amounts. 

The crystals are monoclinic, of the general type 
shown in fig. 247. These are commonly tabular 
parallel to the orthopinacoid; also prismatic. 
Twins are quite frequent; granular or columnar 
masses also occur. Perfect cleavage parallel to 
the clinopinacoid is characteristic as well as part- 
ing planes parallel to the orthopinacoid and hemi- 
orthodome. The color is a dark grayish or brown- 
ish black and the luster is submetallic. 

Wolframite occurs associated with tin ores and other metal- 
lic minerals notably in the Cornw^all and German mines. It 
is also found in New South Wales and 
Bolivia and in Connecticut, North Carolina, 
Missouri and Dakota. 

It is used in the manufacture of tungsten 
steel and as a source of the tungsten 
salts, which are of considerable importance 

in dyeing. ^ , ,.^ ^ .^^ 

•^ ^ Scheelite CaWO^ 

Scheelite is a calcium tungstate crystallizing 
in the pyramidal class of the tetragonal system. 

The crystals are pyramidal in habit (fig. 248), more rarely 
tabular. These often occur in drusy crusts. The color is white 
or light shades of yellow, brown, red, rarely green. The luster 
is vitreous tending to adamantine. 

Scheelite occurs in crystalline rocks associated with cas- 
siterite, fluorite, topaz, apatite, molybdenite or wolframite, in- 
crusting or in quartz, and sometimes associated with gold. It 
is of comparatively rare occurrence but is found at Monroe and 
Trumbull Ct. and in South Carolina, Nevada, Idaho and 

Colorado. __ ,. .^ ^^,, ^ 

Wulfenite PbMoO^ 

Wulfenite is a lead molybdate crystallizing in the pyramidal 
class of the tetragonal system. 

The crystals are commonly thin tabular in habit of the general 
type shown in fig. 249; octahedral or prismatic forms are much 




Fig. 248 
Scheelite 
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less frequent, as are also granular massive forms. The com- 
moner colors include a wax-yellow, orange to bright red and 
brown; an olive-green variety is rather 
rare. 

Wulfenite occurs in veins associated 
with other ores of lead particularly 

Fig 249 

vanadinite and pyromorphite. In the wuifemte 

United States it is principally found in Arizona and New Mexico 
though smaller deposits have been found in Massachusetts, 
near Ossining N. Y., in Pennsylvania, Missouri, Wisconsin, 
Nevada, Utah and California. 

HYDROCARBON COMPOUNDS 

With few exceptions, hydrocarbon compounds are not homo- 
geneous substances and hence are not to be classed as definite 
mineral species. On the other hand, several substances belong- 
ing to this division have acquired so much importance from an 
economic point of view that it is thought best to briefly describe 

*^'"' ^^'^- Amber 

Amber occurs in irregular masses which break with a concoidal 
fracture. It has a resinous luster, is usually yellowish in color 
and is transparent to translucent. Amber is of vegetable origin 
and is derived from the fossilization of gums or resins, a fact 
which is frequently shown by the presence of insects in it. 

It is found in Denmark and Sweden, on the Prussian coast 
of the Baltic and in Russian Baltic provinces. It is used for 
jewelry and for mouthpieces of pipes. 

Fetrolenm 

Members of this series grade from a thin yellow fluid to dark 
brown or nearly black viscid oils; the greenish brown colors are 
the most common. The density also varies and it may be gen- 
erally stated that the light varieties are richest in volatile con- 
stituents while the heavier and darker kinds produce the ben- 
zins on distillation. 

Petroleum is found in rocks of various ages from the Lower 
Silurian to the present epoch but is most abundant in argilla- 
ceous shales, sands and sandstones. Considerable petroleum is 
furnished by the regions of western Pennsylvania, southwestern 
New York and Ohio. It is also largely produced in the neigh- 
borhood of the Caspian sea and occurs in many other localities. 
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Asphaltimr 

Asphalt am or mineral pitch is an amorphous mixture of 
hydrooarbons, for the most part oxygenated. It is characterized 
by a black color and dull luster and melts at about 100° F. 

Asphaltum is not associated with rocks of any particular age 
but is most abundant in formations containing bituminous mate- 
rial or vegetable remains. It is found in the region of the Dead 
sea : in Trinidad, where it forms a lake about a mile and a half 
in circuit: and in various places in South America and elsewhere. 

Its u^e for paving purposes is well known. 

Uintaite (gilsonite). A variety of asphalt found in consider- 
iible dejH>sits in Utah. 

Albertite. An amorphous hydrocarbon compound differing 
from ordinary asphaltum in its very imperfect fufiibility and in . 
the fact that it is only partially soluble in oil of turpentine. It : 
has a brilliant luster and is jet black in color. Albertite occurs ^ 
in the nvks of the Lower Carboniferous in Nova Scotia. 

Mineral coal 

i'oal is a compact massive substance consisting mainly o 
oxygenated hydrocarbons. It ig black, grayish black or brown- 
ish black in color, oivasionally iridescent, and has a luster vary 
iiig from dull to brilliant. 

i\n\l owes its origin to the gradual alteration of organic 
ilo|H^sits, ohierty vegetable. It occurs in beds interstratified 
with shales, sandstones and conglomerates, sometimes forming 
lUsiiiuM lavcrs of varvinii thickness. 

Anthracite, .Vnthracite or hard coal is characterised by a 
brijrht, often submetallic luster and is iron-black in color, fre- 
qnontlv iridcsoont. It contains comparatively little volatile 
ma I tor, 

.\nrhracite beds occur in the formations east of the Alleghany 
rangi\ Avhich in IVnusvlvania rtn\ch a thickness of 3300 feet. 

Bituminous coal. Bituminous coal ditfers from the above chiefly 
in the higher jH^rcentage of volatile hydr^H^arbon oils contained 
in it. lUtnminous coal may Iv classed as: 
I caking or coking iH>al 
12 noncaking coal 
:> cannel coal 
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Brown ooal or lignite. Brown coal contains more oxygen than 
bitomiiMms coal, is compact or earthy and yields a brownish 
black powder. 

Far a more detailed discussion of the occurrence and geologic 
relatkHUi of coal deposits the reader is referred to New York 
state^moKiim bulletin 19 or to some work on economic geology. 

MBTBORFTESS 

OcMn^erable knowledge regarding the probable character of 
heain^ply bodiee other than the earth is furnished by the meteor- 
ites nr fallenr stars. These fragments from planetary space 
conti^l a number of minerals which are identical with terres- 
trial apecies, as well as several which have not, up to this time, 
been'foiUld on the earth. 

They have been classified into three groups: 

1 Biderites. Metallic masses composed principally of iron 
alloyed with nickel and some manganese and cobalt. Polished 
surfaces of siderites when etched with dilute nitric acid develop 
a series of intersecting lines or bands which are known a« Wid- 
manstatten figures (pi. 39i). 

2 Siderolites. Masses of a spongy, cellular character composed 
partly of iron and partly of stony material and frequently con- 
taining embedded grains of chrysolite. 

3 Aerolites. Masses composed principally of stony material 
in the form of silicates including chrysolite, enstatite and min- 
erals in the pyroxene group. 

Meteorites are of universal distribution and can not be said 
to be characteristic of any locality. 
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AFPEHSIX 

GLOSSARY OF CRYSTALLOGRAPHIC TERMS 

Acicular. Needlelike in stmcture. 

Arborescent. With a branching stmcture like a tree or plant. 
Axes. Imaginary lines drawn within a crystal for the purpose of study- 
ing the relation of its planes. 
Axial ratio. The relations between the lengths of axes which are not 

interchangeable as determined by the intercepts of a prominent pyramid 

face. 
Basal plane or base. A plane which truncates the crystal parallel to the 

basal axes. 
Biaxial crystals. A term used to include in an optical division crystals 

of the orthorhombic, monoclinic and triclinic systems. 
Binary. Twofold. 
Bladed structure. Composed of bundles of broad flat crystals resembling 

the blades of knives. 
Botryoidal. Derived from a Greek word meaning a bunch of grapes. 
Brachyaxis. The shorter of the two basal axes in the orthorhombic and 

triclinic systems. The term brachy Is derived from a Greek word 

meaning short. 
Brachydomes. Domes or horizontal prisms parallel to the brachyaxis. 
Brachypinacoid. A pinacoidal plane parallel to the vertical and brachy 

axes. 
Brachyprisms, brachypyramids. Crystal forms the planes of which are 

more nearly parallel to the brachyaxis then those of the form which 

determines the axial ratio. [See p. 32, fig. 124] 
Capillary crystals. Extremely elongated individuals resembling hairs or 

threads. 
Cliuoaxis. The axis which in the monoclinic system is oblique to the 

plane of the other two but is perpendicular to one of the latter. 
Clinodomes. Domes or horizontal prisms the faces of which are parallel 

to the clinoaxis. 
Clinopinacoid. A pinacoid parallel to the vertical and clino axes. 
Clinoprisms, clinopyramids. Crystal forms the faces of which are more 

parallel to the clinoaxis than the form which determines the axial ratio- 
Columnar structure. Composed of aggregates of elongated crystals re- 
sembling columns. 
Coralloidal. Branching and interlacing forms resembling coraL 
Crystalline aggregate. An aggregate of imperfect crystals. 
Cube. An isometric form bounded by six rectangular faces. In ideal 

crystals the faces are square. 
Dendritic. See Arborescent. 
Dihexagonal. Presenting in section, a 12 sided symmetric figure closely 

related to a hexagon. [See p. 26, fig. 98] 
Diploids. Isometric forms bounded by 24 four sided faces. The diploic 

is so named from the fact that the faces are grouped in pairs. 
Ditetragonal. Presenting in section an eight sided symmetric fi^ 

somewhat resembling an octagon but more closely related to a squ^^ 
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Divergent. Composed of elongated crystalline individuals which diverge 

or radiate from a center. , 

Dodecahedron. An isometric form bounded by 12 (dodeca) rhombic faces. 

Domes. Horizontal prisms which in the orthorhombic, monoclinic and 

triclinic systems are parallel to one basal axis. The term is derived 

from the Latin domtts, aiiouse, to describe their resemblance to a hip 

roof. 

Drusy. Covered with extremely minute crystals producing a roughened 

surface. 
Faces. The bounding surfaces of a crystal. 
Fibrous. Composed of slender filaments or fibers. 

First order. A term applied in the tetragonal and hexagonal systems to 
pyramids and prisms the faces of which intersect two basal axes with 
equal intercepts; any plane of the hexagonal forms is parallel to the 
third basal axis. 
Foliatjed. Composed of layers of imperfectly formed crystals which may 
be separated from one another with ease; derived from the Latin folio, 
a leaf. 
Qeode. A hollow rounded fragment lined with crystals. 
Granular structure. Composed of irregular particles or grains. 
Habit of crystals. The general preponderance of certain forms in 

crystals of a given species and from a given locality. 
Hemimorphic. Having a dissimilar development of crystal planes on the 

two extremities. 
Hexagonal. Sixfold. 
Hexakistetrahedrons. Tetrahedral forms of the isometric system 

bounded by 2A triangular faces arranged in four groups of six each. 
Hexoctaherons. Forms of the normal group of the isometric system 
f bounded by 48 triangular faces. The name derived from the Greek 
Infers to the grouping of the faces in eight groups of six each. 
**iclusions. Foreign matter of a solid, liquid or gaseous nature inclosed 

'Within the crystal, 
^^ometric. Presenting the highest degree of symmetry in which the three 
Cirystallographic axes are interchangeable. The term is derived from 
two Greek words meaning equal measure and refers to the ideal 
development in which the three axes are of equal length. 
^^>morphic. Presenting, the close chemical and crystallographic relations 

stated on p. 45. 
^^croaxis. The longer of the two basal axes in the orthorhombic and 
triclinic systems. The term macro is derived from a Greek word 
:ineaning long, 
^•^crodome. A dome or horizontal prism parallel to the macroaxis. 
^«,cropinacoid. A pinacoidal plane parallel to the vertical and the macro 

«axis. 
^'^acroprisms, macropyramids. Crystal forms, the planes of which are 
more nearly parallel to the macroaxis than those of the form whicji 
determines the axial ratio. {See p. 32, fig. 124] 
^•Xammillary structure. Consisting of rounded prominences; the term is 

derived from the Latin mamma, meaning a female breast, 
^^ieaceous structure. In thin leaves which may be separated from one 
another as typified in the mica group of minerals. 
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Palladium 

Phosphorus 

Platinum 

Potassium 

Praseodymium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulfur 

Tantalum 

Terbium 

Tellurium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 

Vanadium 

Ytterbium 

Yttrium 

Zinc 

Zirconium 



THE MINERAL COLLECTION OF THE NEW YORK STATE 

MUSEUM 

Probably no mineral collection, however large and compre- 
hensive in a comparative sense, can be regarded as exhaustive 
or complete. New minerals are constantly being discovered and 
new occurrences of known minerals constantly noted, so that as 
in the collections of every other department of science, a mineral 
collection is bound to increase to keep pace with the progress 
of discovery. 

The mineralogic student should not lose sight of the fact that 
though comparatively few of the many hundreds of mineral 
species known to science are found in sufficient abundance to be 
of importance in the arts, the discovery of a considerable deposit 
of a species which is at present considered rare may at any time 
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raise it to a high rank in commercial importance. A notable 
instance of the latter case is afforded by the group of gold and 
silver tellurids developed within the last 10 years at Cripple 
Creek, Col. Prior to 1892 these minerals were classed among 
the rare species and were considered valuable only as mineral 
specimens. 

The principal mineral collection of the New York state 
museum is displayed in vertical cases which line the walls of 
the mineral section beginning to the left of the entrance to the 
section. In arrangement the collection follows the order of this 
guide which is that of J. D. Dana's System of mmeraloffy. The 
disx>osition of the principal divisions is as follows: 

DIVISION CASE 

Native elements 1 

Sulfids, selenids, tellurids etc. 2 

Sulfo salts ] 

■ ' 3 

Haloids \ 

Oxidfi 4-8 

Carbonates 9-13 

Silicates 14-22 

Titanates ) «« 

i 23 

Niobates, tantalates ) 

Phosphates, arsenates, vanadates etc. 24 

Borates, uranates ) 

Sulfates ^ 

Tungstates, Molybdates i oa 

Hydrocarbon compounds ) 

In disposing the specimens in the cases the top and bottom 
shelves of each case are reserved for the display of large speci- 
mens representing the species of the divisions and groups 
installed in the case and the five intermediate shelves for the 
smaller specimens arranged in consecutive order. The swing- 
ing card catalogue installed in the spaces between the cases is 
practically exhaustive, the species represented in the cases being 
indicated by the letter w (wall cases) and the number which in 
every instance precedes the species name corresponding to a 
number placed in the upper left corner of the specimen label; 
these numbers also correspond to the numbered species of Dana's 
System of mineralogy cited above. 
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In every instance the most characteristic specimens under 
each species are to be found in the front row and are therefore 
best available for detailed study; the back row contains dupli- 
cates, massive specimens, and in general, material requiring less 
close examination. In most instances where the crystallization 
IB of interest and importance wooden models are placed at the 
head of the species; these are followed by the best examples 
of crystallization available, crystalline masses and massive forms 
following the order given in the descriptive text. 

An introductory collection illustrating the text of part 1 of 
this guide is displayed in the table cases of the southern half 
of the mineralogic section. 

The student is also referred to a collection of minerals of 
economic importance at present displayed in the table cases 
of the northern half of the mineralogic section. The material 
here displayed is grouped under the following divisions: 

Nonmetalliferous division (confd) 
2 Salt, potash, soda, borax and 
alum 



Metalliferous division 
A Metallifei'ous ores 

1 Arsenic antimony and bis- 

muth minerals 

2 Gold minerals 

3 Silver minerals 

4 Mercury minerals 

5 Copper minerals 

6 Lead minerals 

7 Zinc and cadmium minerals 

8 Tin minerals 

9 Niclvel minerals 

10 Uranium and chromium 

minerals 

11 Iron minerals 

12 Manganese minerals 

13 Aluminium minerals 

Nonmetalliferous division 

B Subfitances used fop chemical 
purposes 
1 Sulfur, sulfuric and hydro- 
fluoric acids 



3 Magnesium, strontium, tita- 

nium and thorium com- 
pounds 

4 Plaster of paris 

5 Substances used in the 

manufacture of chemical 
compounds 
C Ceramic materials 

1 Porcelain, earthenwares and 

bricks 

2 Pottery and glassware 
D Refractory materials 

1 Graphite 

2 Asbestos 

3 Mica 

E Materials of physical application 

1 Abrasives 

2 Graphic materials 

3 Pigments 

4 Fertilizers 
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Acicular, 41. 

A-damautlue luster, 43, 

Amorphous, 6. 

Anlimonates, 117-22. 

An-Umonids, 51-61, 
injoresceni, see Dendritic. 
irsEnates, 117-22. 
A^rsenids, 51-ca. 
A.t;«mia weightB, table of, 13&.36. 
A-ixes, crystallographic. 10-11; later- 
cbangeable, 10; of symmetry, 
7-10. 

B««al plnacold, 22, 26, 32. 35. 

biaxial cryetala. 37. 

Binary symmetry, 8; aila of, 8. 

^Bladed, 40. 

Sorates, 122-23. 

I^oiryoldai. ■M. 

l^racliy liome. S3. 

pinacoiil. 32. 

prism. 32. 

pyramid, 33. 
Brittle, 43. 
Bromids. 63-66. 

Capillary, 41. 

Carbonatea, 79-87. 
Center of symmetry, 10. 
Clharacters of minerals, 41-44. 
Chemical composition of minerals, 

44-45. 
Chiorlds. 63-66. 
Chromates, 124-27. 
ClenvHgp. 41. 
Clino dome, 35. 
plnacold, 35. 
prism. 3d. 
pyramid. 36. 
Color, 44, 

Colurabnt.'s, see Niobates. 
Columnar 40. 
CompoBltion of minerals. 44-45. 



Coralloldal, 41. 
Crystal forms. 11. 
Crystal habit, 38. 
Crystalline aggregates, 40. 

Crystalline structure, ii. 

Crystals, definition of, 5; laws of, 
6-10; optical characters of, 13, 25, 
37: varlatioDS la form of, 38; 
groupiujga of, Z&-Z&: IncluslonB in, 
40; Irregularities of, 3d; striatlons 
on, 30: twinning of, 38-38. 

OrystaJlogrHpli.v, 5-41. 

Cube, 14. 

Curved surfaces of crystals, 30. 

DMidrltic, 41. 
DIhexagonal pyramid, 26. 

prlBm, 28. 
Dimorphism, 45-46. 
Diploid, 17 
Ditetragouai prism, 22. 

pyramid, 21. 
Dodccnbedron, 14. 
Domes, brnchy, 33. 

cUno, 35. 

ortho, 35. 
Ductile, 43. 
Dun luster, 43. 

ElemenU, 44; list, 135-36. 
Extinction between crossed nicols, 
13. 25. 

ribroua, 40. 
Flexible, 43. 
Fluorids, 63-66. 
Foliated, 40. 
Form, ideal, 13. 
Forms, definition, 11. 
Formula of mlDerais, 46. 
Fracture, 42. 
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Globular, 41. 
Goniometers, 12. 
Granular, 40. 
Greasy luster, 43. 

Habit of crystals, 38. 

Haloids, 63-66. 

Hardness, definition, 42; scale of, 

42-43. 
Hemi prism, 37. 
pyramid, 36. 
Hemimorphic group, 29, 34. 
Hexagonal crystals, optical charac- 
ters, 25. 
Hexagonal prisms, 26. 

pyramids, 26. 
Hexagonal system, 25-31; axes, 25; 
hexagonal division: 25-27; nor- 
mal group, 25-27; pyramidal 
group, 27; 
rhombohedral divjsion: 27-31; 
rhombohedral group, 27-29; 
r h o m b o h e d ral-hemimorphic 
group, 29; trirhombohedral 
group, 29; trapezohedral 
group, 30. 
Hexagonal symmetry, 10. 
Hexahedron, see Cube. 
Hexakistetrahedron, 19. 
Hexoctahedron, 14. 
Hydrocarbon compounds, 129-31. 
Hydrous silicates, 108-15. 

Ideal forms, 13. 

Inclusions, 40. 

Indoxos, 11. 

Intorcoi>ts. 11. 

IntorchnngoaMo axes. 10. 

InttM'ftMviK'o phonomona, see Optical 

charnctorlstics. 
lodlds. {\:UM\, 
Isomolrio crystals, 13. 
IhouhMtIc systtMU. 13-19; symmetry 

of, 13; normal giNuip, 13-16; pyri- 

tolicdral k»**>"1>» 16- IS; tctrahodral 

Kroiip. IS- 19. 
Isomorplilsm, -H^-IO. 
Isomorphoiis j?>*»*"l>». i*^' 



Ijainellary 40. 

Law of constancy of interfacial 
angles, 6-7; of, symmetry, 7-10; of 
simple mathematical ratio, 11-12. 

Laws of crystals, 6-12. 

Left-banded crystals, 30. 

Luster, 43. 

Macro axis, 31. 
dome, 33. 
pinacoid, 32. 
prism, 32. 
pyramid, 33. 
Mammillary, 41. 
Massive, 6. 
Metallic luster, 43. 
Metals, 49-51. 
Metasilicates, 91-97. 
Meteorites, 131. 
Micaceous, 40. 
Microscope, polarizing, 12. 
Mineral, artificial, 4; definition of, 

4. 
Mineral collection of New York 

state museum, 136-38. 
Mineral kingdom, 4. 
Mineralogy, science of, 4. 
Models of crystals, 7. See also 

cover envelope. 
Molecules, 5. 
Molybdates, 128-29. 
Monoclinic crystals, 34. 
Monoclinic system, 34-36; normal 

group, 34-36. 

Native elements, 47. 
Xiobates, 116-17. 
Noninetallic luster, 44. 
Xonmetals, 47-48. 

Normal groups, 13-16, 20-22, 25-26, 
31-34, 34-36, 37-40. 

Octahedron, 14. 

OoHtic, 41. 

Optical characteristics, 13, 25, 37. 

Ortho axis, 31. 

dome, 33. 

pinacoid, 35. 

prism, t^">. 

pyramid. :i3. 
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Orthorhombic crystals, 31. 
Orthorhombic system, 31-34; normal 

group, 31-34; hemimorphic group, 

34. 
Orthosilicates, 97-105. 
Oxids, 66-79. 

Pearly luster, 43. 

Phosphates, 117-22. 

Pinacoid, basal, 32, 35; brachy, 32; 
clino, 35; macro, 32; ortho, 35. 

Plane, basal, 22, 26, 32, 35. 

Plane of symmetry, 8. 

Prism, brachy, 32; clino, 35; dl- 
hexagonal, 26; ditetragonal, 22; 
hemi, 37; macro, 32; of the first 
order, 21; of the second order, 
22; of the third order, 23; ortho, 
35; rhombic, 35; unit, 32. 

Pseudomorphs, 46. 

Pyramid, brachy, 33; clino, 36; 
diihexagonal, 26; ditetragonal, 21; 
hemi, 36; hexagonal, 26; fnacro, 
33; of the first order. 20; of the 
second order, 21; of the third 
order, 23; ortho, 33; trigonal, 31; 
unit, 20, 33. 

Pyritohedron, 17. 

Reniform, 40. 
Resinous luster, 43. 
Reticulated, 41^ 
Rhombic prism, 35. 
unombohedral division, 27-29. 
x^nombohedron, 28. 
Rock, definition of, 4. 

Scale of hardness, 42-43. 

Scalenohedron, hexagonal, 28; tet- 
ragonal, 24. 

Sectile, 43. 

Selenids, 51-61. 

Silicates, 87-91. 

Silky luster, 43. 

Simple mathematical ratio, law of, 
11-12. 

Sphenoid, tetragonal, 24. 

Stalactitic, 41. 

Streak, 44. 

Striations, 39. 



Subsilicates, 106-8. 

Sulfates, 124-27. 

feulfids, 51-61. 

Symmetry, axes of, 8; center of, 10; 

definition, 7; law of, 7-10; planes 

of, 8. 
Systems, crystallographic, 12. 

Tantalates, 116-17. 
Tellurids, 51-61. 
Tenacity, 43. 
Tetragonal crystals, 20. 

prisms, 21. 

pyramids, 20. 

sphenoid, 24. 

scalenohedron, 24. 

trisoctahedron, see Trapezohe- 
dron. 

tristetrahedron, 19. 
Tetragonal symmetry, 10; axis of, 

10. 
Tetragonal system, 20-24; normal 
group, 20-22; pyramidal group, 
23; sphenoidal group, 23-24. 
Tetrahedron, 18. 
Tetrahexahedron, 14. 
Titano-silicates, 115-16. 
Trapezohedron, 15; trigonal, 30. 
Triclinic crystals, 37-38. 
Trielinic system, 36-38; symmetry 

of, 37; normal group, 37-40. 
Trigonal pyramid, 31. 

trapezohedron, 30. 

trisoctahedron, 15. 

tristetrahedron, 18. 
Trigonal symmetry, 9; axis of, 9. 
Trisoctahedron, 15. 
Tungstates, 128-29. 
Twin crystals, 38-39. 

Uniaxial crystals, 25. 
Unit plane, 31. 

prism, 32. 

pyramid, 20, 33. 
Uranates, 123-24. 

Vanadates, 117-22. 
Vitieous luster, 43. 

Zeolites, 108. 
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Actinolite, 95. 
Adularia, 88. 
Agate, 68, pi. 20. 
Agolite, 114. 
Alabaster, 126, 127. 
Albertite, 130. 
Albite, 89-90, pi. 28. 
Alexandrite, 74. 
Almandite, 99. 
Alum stone, 127. 
Alunite, 127. 
Amazon stone, 89. 
Amber, 129. 
Amber mica, 112. 
Amethyst, 67, 71. 
Amphibole, 94-95. 
Analcite, 109-10. 
Andalusite, 103, pi. 30. 
Andradite, 99. 
Anglesite, 125. 
Anhydrite, 124-25. 
Anorthite, 89, 90. 
Antimony, 49. 
glance, 52. 
Apatite, 117. 
Apophyllite, 108, pi. 33. 
Aquamarine, 96. 
Aragonite, 83-84, pi. 8, 26, 27. 
Argentite, 53. 
Arsenic, 49. 

Arsenopyrite, 60, pi. 17. 
Asbestos 95. 
Asphaltum, 130. 
Atacamite, 66. 
Augite, 92, pi. 29. 
Autunite, 122. 
Aventurin, 67. 
Axinite, 105. 
Azurite, 86. 

Balas ruby, 73. 
Barite, 124, pi. 38. 
Bauxite, 78. 
Beryl, 96, pi. 2. 



Biotite, 111. 
Bismuth, 49. 
Black hematite, 79. 

mica. 111. 
Blende, 54. 
Blue copper ore, 86. 

iron earth, 120. 
Bog iron ore, 77. 
Boracite, 122. 
Borax, 123. 
Bornite, 57. 
Bort, 47. 
Bournonite, 61. 
Brittle silver ore, 63. 
Brochantite, 126. 
Bronzite, 91. 
Brookite, 76. 
Brown hematite, 77. 
Brucite, 78. 

Oalamin, 106, pi. 32. 

Calcareous spar, 79. 

Calcite, 79-81, pi. 1, 7, 9, 11, 24, 

Cancrinite, 97. 

Capillary pyrites, 56. 

Carbonado, 47. 

Carnelian, 68. 

Cassiterite, 75, pi. 22. 

Celestite, 125. 

Cerargyrite, 64. 

Cerussite, 85-86, pi. 28. 

Chabazite, 109. 

Chalcedony, 68, pi. 6. 

Chalcocite, 54, pi. 14. 

Chalcopyrite, 57-58. 

Chalk, 80. 

Chiastolite, 103, pi. 30. 

Chloanthite, 59. 

Chondrodite, 106. 

Chromic iron, 74. 

Chromite, 74. 

Chrysoberyl, 74. 

Chrysocolla, 115. 

Chrysolite, 99. 
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<Hirysoprase, 08. 
Chrysotlle, 113. pi. 8. 
ClDDabar. 55. 
Cllnochlore, 112. 
Coal, mineral, 130. 
Cobalt bloom, 120-21. 

glBDce, a&-60, 
-Cobaltite, aH-m. 
Coletnanlte, 122. 
Columblte, 116. 
Copper, 50, pi. 13. 
f Copper glance, 54, 
nickel, 56. 
pyrites, 57-58. 
■Cordierlte, 96. 
Corundum, 70. 
CrofJrtollle. 96. 
t'roeoite, 126. 
Cryolite, ^66. 
Cuprite, 69, pi. 20. 
Cyanite, 104, pi. 2. 

DbtIk njby silver, 61. 
I>atollte, 104. 
Desttiine, 109. 
DtaXlage, 63. 
Diamond, 47, pi. 12. 
DlopBld, 92. 

Dioptase, 100. 

Dlathene, 104. 

Dog-tooth apar, 70. 

Dolomite, 81, pi. 5, 26. 

Dry-bone ore, 83. 

BsMeiu, 66. 
EHaeolite, 97. 
Emerald, 71, 96. 
BtQery, 70. 
Enarglte. 63. 
^Detatite, 91. 
Epldote, 97, lW-5, pi. 31. 
BpBom salt, 127. 
Epsomite, 127. 
ErythrHe, 120-21. 

'elttepM, 87. 
^'eiTuglnouB quartz, 67. 
^ibrollte. Me. 
B'ire opal, 68. 
^Hut, tee Jasper. 



Mos f erri, 84, pi. 8. 
Fluor spar, 6S. 
t-'luorite, 05, pi. 18. 
FoDtainebleau saodBtone, 40, pL L 
Fraukliaite, 73-74, 
French chalk, 114. 

Galena, 52, pi. 11, 14. 

Galenite, S2. 

Uaruet, 98, 99, pL 30. 

Geyeerlte, OS. 

Glbbslte, 78, pi. 24. 

Glisonite, 130. 

Gothlte, 76-77. 

Gold, 49. 

Graphite, 47-48. 

Gray copper ore, 62. 

Greeu curbonaly of copper, 86. 

Gveenockite. 55. 

Groasularire, 99. 

Guano, US. 

Gypsum, 126. pi. 38, 

Halite, 63^ pi. 17. 
Hallynite, 96. 
Heayy epar 124, pi. 38. 
Hedenberglte, 92. 
Hematite, 71-72, pi. 5, 21. 
Heulandlte, 109. 
Hiddenite, &3. 
Horn silver, 64. 
Homblcnde, 94-95. 
HyaciDtli, 101, 102. 
Hjnlite. 68. 
LlyiRTstbcD*', 91. 

Idocrase, 101. 

llmenite. 72. 

lollte, 96. 

Iron, 51, 131, pi. 39. 

Iron pyrites, 58-59, pi. 16. 

Isinglass, 110. 

Jade, 93, 95. 
Jadelte, 93. 
Jasper, 68. 
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L*bndorit«, m, 90. 

Lapis lunU. 96. 
Lazuli te, 120. 
LAZurite, 98. 
L<e«d glance, 52. 
Lepldollte, 111. 
Leuclte, 91. 
Llbettaenlte, 120. 
Light ruby silver, 62. 
I.ij:iilU-. ySl. 
Liiiiv f.'l']siKir, 90. 

soda ff Idspur. 90. 
Llmesioue, lit. 
Llmonlle, 77 pl. 23. 
Lithln mku. m. 
Lodesione. "a, pl. 21. 

Ua^estnm limeatone, 81. 

MflKiit'tic iron ore, 73, pl 4, 21, 

py riles, X^7. 
Magnetite, 73, pL 4, 21. 
Mala<ililte, 86, pL 6. 
Malacolite, 92. 
MaogaDlte. 77, pl. 23. 
Marble. 81. 
Marcaslte, 60, pl, 16. 
Meerscliauin, 114. 
31 e u a ecu n lit', 72. 
Mercury, 51. 
Mica, 110. 
Mlcrocllne, 89. 
Milky quartz, 67. 
MUlerlte, 56, pl. 10, 15. 
Mlmetlte, 119, pl. 37. 
Mineral coal, 130. 
Misplcbel, 80. 
Monazite, 117. 
Muscovite, 110-11, pl. 4, 36. 

Native antimony, 49. 

arsenic, 49. 

tllSFDiltll, *>. 

copper, 50. 
gold, 49. 
iron, 51, 131. 
mercury, 51. 
platiaum, 51. 
silver, 50, 
sulfur, 48. 



Native ultramarine, 98. 
I vermilion, 56. 

: Xatrulite, 110, pl. 34. 
i Xeptiellte, 97. 

Nephrite, 96. 

Xlccoliie, 56. 

Nigrin, 75, pL 22, 

Odin, 78. 
Oclabedrite, 76. 
Oligoclase, 89, 90. 
Olivenlte, 120. 
Olivln, 99. 
Onyx, 68. 
Opal, 68. 
Orplment, 51. 
urthoclase, 88. 
OBteolite. lia 

Pandermfte, 122. 
Pearl spar. Si. 
I'eciullte, 94, pL 7. 
FeDcil stone, 115. 
Peridot, 99. 
Petroleum, 129. 
Phenacite, 100. 
Phlogoplte, 112. 
Phosphate rock, 117, 118. 
i'!ws|.ihorite, 118. 
Pitch blende, 123. 
Platinum, 51. 
Potash feldspar, 88. 
Piase, 68. 
I'rfi-ioTis opal, 68. 

garnet, 99. 
Prehnlte, lite. pl. 31. 
Priceite, 122. 
I'rochlorite, ll2. 
FrouMlte, <62. 
I'sllomelane, 79. 
I'urijie fopiier ore, 67. 
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Pynte. ."iS-.^ifl. pi. 1& 
Pjruluslte, 78, pl. B. 
Pyromorplilte, 118-lfi, pl. 8 
Tyroiio, &0. 

PjTopbyllite. 115, pl. 3& 
Pyroxene, IL". pl. 29. 
Pyrrhotlte, 56-57. 
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OS, pL 1. 6, 19. ao. 


Spodumene. B3. 




Stalactite, 41, pl. 9. 


1. 


StauroUte. 107-8, pl. 33. 


«te, 71. 


Steatite, 114. 


^, 71. 


Stophanlte, 63. 


T copper, 68. 


StlbDlte, 52, pL 9, 10. 


ore, «M Ruby silver. 


Stlllilte, im, pl. 34. 


»te. 70. 


Stream tin, 75. 


irtte. 114. 




OHite, 83. 


Sulfur, 48. 


e, M. 


Syl7anite. 01. 


>, 112. 




sta!. 67. 


Talc, 113, pl. 3. 


83-64, pi. 17. 


Tantallte, 116. 


rtB. 67. 


Tctrahedritp, 62. 


73. 


Tlnkal, 123. 


1,73. 


l^taulc iron ore, 72. 


■, 61, 62. 


TiUftlle. 115-16. 


, PL 22. 


TopiiK, 71, Wis. 




Torberuite, 121. 


J, pi. 17. 


Tourmalin, 107. pl. 32. 


E, 68. 


Trcmirilte, 05. 


88. 


Trlpollte, 08. 


70. 


TroosOte, 100. 


r. 80. 


'l-urquolBc. 121. 


. 100. 




128. 


THntalte, 130. 


)7. pL 32. 


Uleilte, 123. 


126,127. 


Uranlnite, l'J3. 


68. 


Uvarovltc, 00. 


114. 




,e, 118. pi. 3. 


Vanftdinite, 111). 


32. 


Venl antique, 82. 


181. 


Vcsiivlaniti', 97, 101. 


te, 108. 


Vivlanitc, 120. 


, PL 12. 




», 68. 


WavelUte, 121, pl. 37. 


59. 


Wemerite. 100. 


Ite, 83. 


White Iron pyrites, 60. 


DBrtz, 67. 


l,.i,<l -,1V, s.-,.,*(;, pl. 


e, 114. 


Wiilemlte, 74. 100. 


ispar, 89-00, pi. 28. 


WitLerlte, 84, pi. 27. 


feldspar, 90. 


Wolframite, 128. 


97. 


WoUastonlte, 93, pl. 29. 


ron, 82. 


Wood opal, 68. 


IroD, 71-72, pi. 5, 21. 


Wulfenlte, 128-29. 


te, 99. 




e, 54, pi. 15. 


Zinc blende, 54. 
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Zlncite, 70, 74. 


1-73. 


>'.ircon, 101-2. 
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Volume I. 6 mos. $1.50 in cloth 

1 (Zi) Marshall, W: B. Preliminary List of New York Unionidae. 
2op. Mar. 1892. ^c. 

2 (Bi) Peck, C: H. Contributions to the Botany of the State of New 
York. 66p. 2pl. May 1887. \35c\ 

3 (EGi) Smock, J: C. Building Stone in the State of New York. 
152P. Mar, 1888. Out of print, 

4 (Mi) Nason, F. L. Some New York Minerals and their Localities. 
2op. ipl. Aug. 1888. 5^. 

5 (Ei) Lintner, J. A. White Grub of the May Beetle. 32p. il. Nov. 

1888. IOC, 

6 (E2) Cut-worms. 36p. il. Nov. 1888. loc. 

Volume a. 4 nos. [$1.50] in cloth 

7 (EG2) Smock, J: C. First Report on the Iron Mines and Iron Ore 
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tab. Sep. 189c. 40c, 

Volume 3. 5 nos. 
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92p. i2pl. 2 maps, II tab. Ap. 1893. 40c, 
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Sep. 1895. IOC 

15 (EG6) Merrill, F: J. H. Mineral Resources of New York. 224p. 
2 maps. Sep. 1895. 40c, 

Volume 4 

16 (Ai) Beauchamp, W: M. Aboriginal Chipped Stone Implements 
of New York. 86p. 23pl. Oct. 1897. 2Sc, 

17 (EG7) Merrill, F: J. H. Road Materials and Road Building in 
New York. 52p. i4pl. 2 maps 34x45, 68x92cm. Oct. 1897. i^c. 
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18 (A2) Beauchamp, W: M. Polished Stone Articles used by the New 
York Aborigines. i04p. 35pl. Nov. 1897. 2Sc, 
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19 (G2) Merrill, F; J. H. Guide to the Study of the Geological Col- 
lections of the New York State Museum. i62p. iiQpl. map. 
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Volume 5 

20 (E4) Felt, E. p. Elm-leaf Beetle in New York State. 46p. il. 5pl. 
June 1898. ^c, 

21 (G3) Kemp, J. F. Geology of the Lake Placid Region. 24p. ipl, 

map. Sep. 1898. 5^. 

22 (A3) Beauchamp, W: M. Earthenware of the New York Ab- 
origines. 78p. 33pl. Oct. 1898. 2^c. 

23 (E5) Felt, E. P. 14th Report of the State Entomologist 1898. 
150P. il. 9pl. Dec. 1898. 20c, 

24 (E6) Memorial of the Life and Entomologic Work of J. A. 

Lintner Ph.D. State Entomologist 1874-98; Index to Entomologist's 
Reports 1-13. 3i6p. ipl. Oct. 1899. ^^c. 

Supplement to 14tb report uf tbo State entomologist. 

25 (B3) Peck, C: H. Report of the State Botanist 1898. 76p.- 5pl. 
Oct. 1899. Out of pnnt. 

Volume 6 

26 (E7) Felt, E. P. Collection, Preservation and Distribution of New 
York Insects. 36p. il. Ap. 1899. ^c, 

27 (E8) Shade- tree Pests in New York State. 26p. il. 5pl. May 

1899. s^' 

28 (B4) Peck, C: H. Plants of North Elba. 2o6p. map. June 1899. 
20c, 

29 (Z3) Miller, G. S. jr. Preliminary List of New York Mammals. 
i24p. Oct. 1899. ISC. 

30 (EG8) Orton, Edward. Petroleum and Natural Gas in New York. 
136P. il. 3 maps. Nov. 1899. 75^. 

31 (E9) Felt, E. P. isth Report of the State Entomologist 1899. 
i28p. June 1900. ISC. 

Volume 7 

32 (A4) Beauchamp, W; M. Aboriginal Occupation of New York. 
190P. i6pl. 2 maps. Mar. 1900. joc. 

33 (Z4) Farr,M. S. Check List of New York Birds. 224P. Ap. 1900. 2Sc. 

34 (Pi) Cumin gs, E. R. Lower Silurian System of Eastern Mont- 
gomery County; Prosser, C: S. Notes on the Stratigraphy of Mo- 
hawk Valley and Saratoga County, N. Y. 74p. lopl. map. 
May 1900. ISC. 

35 (EG9) Ries, Heinrich. Clays of New York: their Properties and 
Uses. 456p. i4opl. map. June 1900. -^7, cloth. 

36 (Eio) Felt, E, P. 1 6th Report of the State Entomologist 1900. 
ii8p. i6pl. Mar. 1 90 1. 2Sc. 

Volume 8 

37 (En) Catalogue of Some of the More Important Injurious and 

Beneficial Insects of New York State. 54p. il. Sep. 1900. loc. 

38 (Z5) Miller, G. S. jr. Key to the Land Mammals of Northeastern 
North America. io6p. Oct. 1900. isc 

39 (P2) Clarke, J: M.; Simpson, G: B. & Loomis, F: B. Paleontologic 
Papers i. 72p. il. i6pl. Oct. 1900. isc 

Contents: Clarke, J: M. A Remarkable Occurrence of Orthoceras in the 

Oneonta Beds of the Chenango Valley, N. Y. 
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zone (Portage Beds) of Western New York. ^ 

Dictyonine Hexactinellid Sponges from the Upper Devonic of New York. 

The Water Biscuit of Squaw Island, Canandaigua Lake, N. Y. 
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Simpson, O: B. Preliminary Descriptions of New Genera of Paleozoio Rngooe 
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Loomis, F: B. Siluric Fungi from Western New York. 

40 (Z6) Simpson, G: B. Anatomy and Physiology of Polygyra Albola- 
bris and Limax Maximus and Embryology of Limax Maximus. 
82p. 28pl. Oct. 1 90 1. 2SC, 

41 (A5) Beauchamp, W: M. Wampum and Shell Articles used by 
New York Indians. i66p. 28pl. Mar. 1901. 30c, 

42 (P3) Ruedemann, Rudolf. Hudson River Beds near Albany and 
their Taxonomic Equivalents. ii4p. 2pl. map. Ap. 1901. 2Sc, 

43 (Z7) Kellogg, J. L. Clam and Scallop Industries of New York. 
36p. 2pl. map. Ap. 1901. loc, 

44 (KG 10) Ries, Heinrich. Lime and Cement Industries of New York ; 
Eckel, E. C. Chapters on the Cement Industry. In press. 

Volume 9 

45 (P4) Grabau, A. \V. Geology and Paleontology of Niagara Falls and 
Vicinity. 286p. il. iSpl. map. Ap. 1901. 6sc; cloth goc, 

46 (E12) Felt, E. P. Scale Insects of Importance and a List of the 
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47 (E13) Needham, J. G. & Betten, Cornelius. Aquatic Insects in the 
Adirondacks. 234P. il. 36pl. Sep. 1901. 40c, 

48 (G4) Woodworth, J. B Pleistocene Geology of Nassau County and 
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49 (P5) Ruedemann, Rudolf; Clarke, J: M. & Wood, Elvira. Paleonto- 
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53 (l'^i4) l^'^'lt, F. P. 17th Report of the State Entomologist 1901. 
232P. 6pl. il. Aug. 1902 joc. 
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Cut out solid lines. 

Fold dotted lines. 

Join with paste or mucilage. 
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Cut out solid lines. 

Fold dotted lines. 

Join with paste or mucilage. 
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Cut out solid lines. 

Fold dotted lines. 

Join with paste or mncilap;e. 
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